/  yj 


QUAIN'S    ANATOMY 

SPLANCHNOLOGY 


^3 
2 


PREFACE 

This  part  of  Quain's  Anatomy  deals  with  the  topographical  anatomy  and 
the  morphology  of  the  digestive,  respiratory,  and  genito-urinary  systems,  and 
of  various  bodies  situated  in  the  neck,  thorax,  and  abdomen,  which  may  be 
grouped  together  aa  ductless  glands,  or  organs  of  internal  secretion.  The 
text  has  been  thoroughly  revised  and  in  places  rewritten.  In  addition,  a 
large  number  of  original  illustrations  have  been  added  to  the  work — most 
of  these  have  been  drawn  by  Miss  Alice  M'Hinch.  The  chapter  on  the 
peritoneum  has  been  written  by  Mr.  P.  T.  Crymble,  who  has  supplied  many 
new  figures  for  it.  A  number  of  drawings  by  the  late  Professor  J.  8.  Dickey 
have  been  utilised  in  the  account  of  the  respiratory  organs.  The  skiagrams 
of  the  teeth  are  from  an  Atlas  by  the  Editor  and  Dr.  Rankin.  Acknow- 
ledgments are  due  to  Dr.  Christopher  Addison,  Professor  W.  M.  Baldwin, 
Dr.  W.  L.  H.  Duckworth,  Dr.  H.  P.  Malcolm,  Mr.  J.  Howard  Mummery, 
and  Mr.  J.  W.  Thomson  Walker  for  permission  to  use  blocks.  The  proofs 
have  been  read  and  the  index  prepared  by  Miss  M.  E.  Rea. 

Bel  fast : 

May  1914. 


CONTENTS. 


DIGESTIVE  SYSTEM. 


Cavum  Oris  ..... 
Vestibulum  Oris 
Cavum  Oris  Proprium 
Labia  Oris  and  Bucc.e 
Labium  Superius 
Labium  Inferius 

Buccse         ..... 
Blood-vessels,  Lymphatics,  and  Nerves 
Lingua  ..... 

Mucous  Membrane 
Papillae       ..... 
Foramen    Caecum    and    Thyro-glossal 

Duct  .  .  .    "      . 

Glands        ..... 
Muscular  Substance 
Superior  Longitudinal  Muscle 
Inferior  Longitudinal  Muscle 
Transverse  Muscular  Fibres 
Vertical  Fibres 

Septum       ..... 
Blood-vessels,  Lymphatics,  and  Nerves 
Palatum        ..... 
Hard  Palate   .... 
Soft  Palate  .... 

Blood-vessels,  Lymphatics,  and  Nerves 
Glandule  Salivales    . 
Glandula  Parotis 

Parotid  Duct  or  Stensen's  Duct  . 
Blood-vessels,      Lymphatics,      and 

Nerves     .... 
Varieties  .... 

Glandula  Submandibularis 

Duct  of  Submandibular   Gland   or 

Wharton's  Duct 
Blood-vessels,      Lymphatics,      ; 
Nerves  .... 

Varieties      .... 
Glandula  Sublingualis 

Blood-vessels,      Lymphatics,      and 
Nerves  .... 

Dentes  .... 

General  Form  and  Structure 
Special  Characters  of  the  Teeth 
Permanent  Teeth — Incisors 
Canines 
Premolars 
Molars 


PAGE 

1 

2 

2 
3 
3 
4 
5 
5 
6 
6 


10 
10 
11 
11 
12 
12 
12 
14 
14 
14 
15 
16 
10 
17 
17 
21 

22 
22 

22 

23 

23 
24 
24 

24 
24 
26 

28 
28 
31 
32 
32 


Dentes — continued. 

Deciduous  Teeth  . 

Teeth  of  Prehistoric  Man  . 

Blood-vessels,    Lymphatics,    and 

Nerves      .... 

Post-natal  Development  and  Growth 

of  the  Teeth 

Relations     of      the      Developing 

Teeth    .... 
Eruption  of  the  Teeth  . 
Variations    in     the    Number    o 

Teeth    .... 
Number  of  Dentitions 
Evolution  of  the  Molars 
Pharynx  .... 

Nasal  Part  .... 

Tonsilla  Pharyngea 
Oral  Part   .  . 

Tonsillae  Palatini 
Blood-vessels,  Lymphatics,  and  Nerves 

of  Tonsils         .... 
Laryngeal  Part 

Structure    ..... 
Blood-vessels,  Lymphatics,  and  Nerves 
Peculiarities  according  to  age 
Varieties  .... 

Tubus  Digestorius 
(Esophagus        .... 
Dimensions  .... 

Direction         .... 
Relations    ..... 
Structure         .... 
Blood-vessels,  Lymphatics,  and  Nerves 
Variations  according  to  age 
Varieties    ..... 
Abdomen  and  Pelvis 
Abdomino-pelvic  Walls 
Abdomino-pelvic  Cavity  . 

Shape  illustrated  by  Serial  Sections 
Shape  illustrated  from  Contents     . 
Peritoneum       .... 
Delimitation  or  the  Abdomen 
Ventriculus     .... 
Examination   by   X-rays   and    in    tl 

Cadaver  .... 

Antrum  Cardiacum 
Cardia         ..... 


PAGE 

35 
35 

36 

36 

41 
43 

45 
46 
46 

47 
47 
50 
51 
51 

53 
53 
54 
55 
56 
56 
56 
57 
*  57 
58 
58 
59 
61 
62 
62 
62 
62 
63 
65 
68 
73 
74 
81 

82 

87 

ST 


VIII 


CONTENTS 


PAGE 


l'AGfc 


bii  i  i  i  ->    continued. 

Is  ll.MIM    M     Cfi  \"l    M.-  ■r,,,tlilill,,l. 

Pylorua           .... 

38 

Colon          ..... 

111 

i      Potl  i"Tl  .... 

89 

A-ciidum  (  iilon 

114 

Pyloric  l                   ... 

V> 

Trans\  erse  ( lolon 

115 

Surfaces      ..... 

XV 

1  descending  Colon 

116 

!•■!-                   .... 

90 

Iliac  <  '"loll      .... 

1  17 

Dimensions         .... 

92 

ivh  i<-  Colon 

US 

\  e 

92 

Rectum          .... 

.     120 

trance  and  Naked-eye  Struoture      '•>-' 

Anal  ( 'anal           .... 

1 22 

Blood  vessels,  Lymphatics,  and  Nerves      95 

Appearance  and  Naked-eye  Structuri 

L23 

tii                .... 

97 

Orifice  of  the  Appendix  . 

127 

.  i'.  1    M      1 

'.'7 

Ileu-colic  (Jriliee  and  Valve 

L27 

Duodenum          .... 

97 

Blood-vessels,  Lymphatics,  and  Nan  es     1  29 

Superior 

'.IS 

\  ariationa       .... 

.     131 

dens     .         .         .     . 

99 

II  1  I'M!                ..... 

1 32 

I'n-  Eorizonl 

Inn 

Form     ..... 

132 

Para  Ascendena       .         .         . 

Hill 

Fissures  or  Fossae,  and  Lobes 

133 

Musoulus  Suspensoriua  Duodeni 

L01 

Surfaces  and  Borders 

133 

. 

Kil 

Position      ..... 

136 

Jejunum  and  Deum 

L01 

Ligaments  and  Omentum 

138 

\  ,u iel iea     Meckel's  l)i\ ertioulum 

in:; 

Morphology    of    the    Lobes,     Fissures, 

\  •<  iationa  with  Age  and  Sex   . 

111.-! 

and  Peritoneal  Folds    . 

139 

Appearance  and  Naked-eye  Structun 

103 

Blood-vessels,  Lymphatics,  and  Nerves     140 

ires           .         .         .     . 

in.-) 

Dimensions  and  Weight 

143 

Plica    Longitudinalis     Duodeni    am 

Liver  in  the  Infant 

144 

Papillae  Duodeni 

106 

Varieties    ..... 

144 

Villi  [ntestin                 .         .         . 

Kill 

Bile-passages  and  Gall-bladder 

144 

Glands  ..... 

106 

IB-pat  ic  Duct  .... 

144 

Glandulae  [ntestinales 

L06 

Gall-bladder 

145 

Glanduke  Duodenales 

Hm; 

Cystic  Duet     .... 

145 

Noduli  Lymphal i<-i  Solitarii 

107 

Common  Bile-duct 

145 

Noduli  Lymphatici  Aggregati  . 

1(17 

Varieties         ...         . 

145 

Bl 1  \  i I-.  I.\  mphal  ics,  and  Nen  <■- 

107 

Pancreas           ..... 

141) 

Is  I  i  stim'M  1  IB  LS31  M       .            .            .       . 

1  in 

Ductus  Pancrcatieus    .           .          . 

14!) 

<  '.irlllll    ..... 

111 

Ductus  Accessorius 

149 

Proci     ua  Vermifi  irmis 

113 

Varieties    of    the    Pancreas    and    its 

lii    Fold         .... 

113 

Ducts      .          .          .          .          .      . 

150 

Deo  caeca]  Fold   .         .... 

114 

Structure         ..... 

151 

R     '.j-caecal  ami  Retro-colic  Fossa?    . 

114 

Blood-vessels.  Lymphatics, and  Nerves 

151 

1 1  INSPIRATORY   SYSTEM. 


Labyttx    . 
Thyroid  Carl  ilage 

ii  ige 
Arj  tenoid  I  a   . 

( '..I  uiculate  '  larl  ilages 
( lanedform  '  !artilages   . 
Epiglottis 

Structure    of   the   Cartilages    of   the 
Larynx 

nd  Sex 
cat  ion  "I   the  <  iartilagi  -  of  t  be 
Larynx 
Horphi  "t  tin-  ( lartilagea  of  th 

Larynx 
I.  nd  Joint 

l 

. 
Adit 

iliulmii  I . 

I'll'    c     \ 

Rim  i  Qlottidia 
triculi  Lai 

M 

I . .  in  phal  ics,  and  \ 


PAGI 

152 

153 

I..  I 
155 
1  :,:< 
1 56 
1 55 

L56 
156 

157 

L57 
168 
inn 
164 
165 
167 
167 
L67 
L67 
168 
I7n 
L70 


TAGE 

Trachea  ami  Two  Main  Bronchi  .      .  172 

Position  of  Trachea           .  172 

Size  of  Trachea    .           .           .           .      .  172 
Relations  of  Trachea  to  Neighbouring 

Parts           ....           .  172 

Righl  and  Belt   Bronchi        .          .      .  173 

Structure  of  Trachea  and  Main  Bronchi  174 

Mediastinum  Thobaois          .         .     .  I7ii 

Superior  Mediastinum       .           .            .  177 

Anterior  .Mediastinum             .           .      .  177 

Middle  Mediastinum         .         .          .  178 

Posterior  Mediastinum           .           .       .  178 

I'i.i:i  i:  E     .           .           .           .           .            .  178 

Relations             180 

Structure        .....  185 

Bl 1  vessels.  Lymphatics,  and  Nerves  185 

Pi  LMOH  ES       ......  185 

pi  ,  Surfaces,  Borders,  and  Relations  185 

Fissures  and  Lobes      .          .          .      .  187 

Varieties       .          .          .          .          .  191 

Differences  between  the  Two  Lungs  .  191 

Roots  of  the  Lungs     .         .  192 
Disti  ibul  ion  of  the  Bronchi  within  the 

Lun             ....          .  192 

Structure  of  the  Bronchial  Tubes.     .  195 


CONTENTS 


IX 


Pulmones — continued. 
Blood-vessels  of  the  Lungs 
Bronchial  Vessels 
Lymphatics    . 
Nerves 
Weight  of  the  Lungs 


PAGE 

197 
198 
200 
201 
201 


Pulmones — continued. 
Dimensions  of  the  Lungs 
Air-capacity  of  the  Lungs 
Physical  Properties      .  .  .      . 

Condition  in  the  Fetus  and  Changes 
after  Birth  .... 


PAGE 

202 
202 
202 

202 


UROGENITAL  SYSTEM. 


ORGANA  UROPOETICA. 


PAGE 

Rexes 204 

Position 204 

Variations  in  Height  of  the  Kidney  .  204 
Form  and  Relations  .  .  .      205 

Variations  in  Position  according  to  Age  209 
Size  and  Weight      .  .  .  .211 

Varieties — in  Number  and  Form  .  .  211 
Structure         .  .  .  .  .211 

Blood-vessels       .  .  .  213 

Lymphatics  and  Nerves  .  .  .216 

Calyces,  Pelvis,  and  Ureter  .  .  216 
Calyces  Renales  Minores  .  .      216 

Calyces  Renales  Majores       .  .      .217 

Pelvis  Renales  .  .  .  .217 

Varieties  of  Calyces  and  Pelvis  .      217 


PAGr: 


Calyces,  Pelvis,  and  Ureter — continued. 
Capacity  of  Pelvis  and  Calyces  .      217 

Ureter 217 

Dimensions  .  .  .  .217 

Course  and  Relations        .  .      .      218 

Structure  of  Calyces,  Pelvis,  and  Ureter    220 
Blood-vessels,  Lvmphatics,  and  Nerves 

of  Ureter 221 

Vesica  Urinaria       .         .         .  .221 

Connexions  ...  .      .      224 

Interior  of  the  Bladder    .  .  .      228 

Peculiarities   in    Shape   and    Position 

according  to  Age      .  .  .      .     230 

Structure  " 231 

Blood-vessels,  Lymphatics,  and  Nerves     233 


ORGANA  GENITALIA. 


Organa  Genitalia  Virilia    . 

The    Testes    and    their    Accessory 

Structures 
Funiculus  Spermaticus 
Canalis  Inguinalis 
Scrotum      .... 
Tunica  Vaginalis 
Blood-vessels,  Lymphatics,  and  Nerves 

of  Scrotum  and  Spermatic  Cord 
Testes 

Epididymis     . 

Appendix  Testis  . 

Appendix  Epididymis 

Variations  .... 
Structure  of  Testis  and  Epididym 

Tunica  Albuginea     . 

Seminiferous  Tubules   . 
Ducts  of  the  Testis 

Ductus  Epididymidis    . 

Ductus  Deferens 

Vas  Aberrans 

Paradidymis    . 

Vesiculae  Seminales 

Ductus  Ejaculatorii 
Blood-vessels,       Lymphatics,       and 
Nerves  of  Testis  and  its  Ducts 
Penis        ..... 
Ligamenta  Penis 
Corpora  Cavernosa  Penis 

Structure  of     . 
Septum  Perns 
Tunica  Albuginea 
Corpus  Cavernosum  Urethras    . 

Structure  of     . 
Blood-vessels,  Lymphatics,  and  Nerves 
Urethra  Virilis  . 
Intramural  Portion 
Prostatic  Portion 

Utriculus  Prostaticus    . 


PAGE 

235 

235 
235 
235 
235 
240 

240 
241 
242 

242 
242 
242 
242 
242 
243 
244 
245 
245 
248 
249 
249 
252 

252 

253 
255 
256 
256 
256 
257 
259 
260 
260 
260 
262 
263 
265 


Urethra  Virilis — continued. 

Membraneous  Portion 

Cavernous  Portion  . 

Mucous  Membrane 

Curvature  of  the  Urethra 

Calibre        .... 

Variations  of  Penis  and  Urethra 

Glandulse  Bulbo-urethrales  . 
Prostata  .... 

Size  and  Weight 

Structure         .... 

Blood-vessels,  Lymphatics,  and  Nerves 

Secretion         .... 

Peculiarities  according  to  Age 
Organa  Genitalia  Muliebria 
Ovaria      ..... 

Shape  and  Size 

Position  and  Relations     . 

Structure    .... 

Peculiarities  according  to  Age  . 

Varieties     .... 

Blood-vessels,  Lymphatics. and  Nerves 

Epoophoron 

Paroophoron 
Tub^;  Uterinje 

Peculiarities  according  to  Age   . 

Varieties    .... 

Structure         .... 

Blood-vessels,  Lymphatics,  and  Ner\  es 
Uterus     ..... 

Shape  and  Size 

Cavity  .... 

Position      .... 

Ligaments       .... 

Ligamenta  Teretes  Uteri 

Ligamentum  Ovarii  Proprium  . 

Ligamentum  Latum  Uteri    . 

Structure         .... 

Peculiarities  according  t<>  Age 


PAGE 

265 
266 
266 
267 
267 
267 
268 
268 
270 
270 
271 
271 
271 
271 
272 
272 
272 
275 
276 
277 
27S 
280 
280 
280 
282 
282 
282 
282 
283 
283 
2S6 
2S7 
288 
2SS 
289 
289 
289 
291 


CONTENTS 


l'i  i  tinut  'I 

Bkx  .  Lymphatics,  and  Nen  ea 

. 
Structure  .... 

Bl l-\  easels,  Lymphatics,  and  Ni  rves 

ties         .... 

II  VM  I.N     I' I  MINIM   B 
I    l:l  I  m:\   Ml  LIBBBIS  . 

ad   Relations  o\   [Jr<  thral 

Wall 

\  am  1-  and  N 
Pabtbs  i  :i  nii  m  is  En  i  .iin  1: 

l'i  DBXSUM  or  \  i  in 

Ifona  Pubis         .... 
Labia  Majora 


29] 
291 
292 
294 
295 
296 
296 
297 
297 

298 
298 
298 
298 
299 
299 


l'i  -in. Nin  hoi    \  i  i.v\  —continued. 
Labia  Minora      .... 
I  IreotUe  Tissue 

Clitoris       ..... 
i  rogenital  Space  or  Pudendal  Cleft 
Glanduls  Vestibularis  Majores 
Bloods  easels,  Lymphatics,  and  Nerves 
Varieties    ..... 

M  \M\I  K       . 

Shape  and  Position 

Structure  of  the   Papilla  Mamma)  or 

Nipple        .... 
Structure  of  the  Mamma 
Blood-vessels,  Lymphatics,  and  Nerves 
Dc\  i  li  ij  iimtit  "f  the  Man  land 

Morphology    . 
Varieties    .         .         .         .         .      . 


PAGE 

299 

300 
300 
302 
303 
303 
303 
3(13 
£04 

305 
306 

30!l 

310 
310 
310 


THE  DUCTLESS  GLANDS. 


PAGE 

PAGE 

Libs 

312 

Thymus 

324 

Surfaces  and    Bordl  ra 

314 

Relations   .         .         .         .         .      . 

324 

Relation  t"  Peritoneum 

315 

Growth,  Involution,  and  Weight 

324 

nations       .... 

315 

Structure    .          .          .          .          .      . 

325 

\. , .    .. ij  j  Spleens 

315 

Blood-vessels,  Lymphatics,  and  Nerves 

326 

ii  in  the  Infant 

315 

<  i|    \MHI.1.   SuPRAREXALES 

327 

Structun              .... 

316 

Structure         ..... 

32S 

Blood-vessels,  Lymphatics,  and  Nerve 

3      .",17 

Peculiarities  according  to  Age 

330 

Malpighian  Corpuscles 

317 

Varieties         ..... 

330 

i  .i  \nm  i  \  Tim  i: i  \ 

318 

Arteries  and  Veins      .         .         .     . 

330 

Relations   ..... 

318 

The     Paraganglia     or     Chromathh. 

.   and   (  loloUT 

319 

Bodies        ..... 

331 

Mi  •<  phi  lo 

320 

The  Aortic  Glands       .... 

332 

\  iriations      .... 

320 

Blood-vessels       .... 

332 

icture 

321 

The    Glomus    Caroticum,    or   Carotid 

Vessels,  Lymphatics,  and  Nerves 

322 

Gland 

332 

Gl   \n  |.i   1    1.    I'Al;  \  1  IM  >:i>||i|    1.     . 

323 

The  Cardiac  Gland 

333 

i  oi  iii.  Colour,  Size,  and  Weight 

323 

The  Glomus  Coccygeum 

333 

Structun     ..... 

323 

Structure    ..... 

333 

I'KIHTONKUM. 


I'm     l'i  RITON1  I   M 

am  Peritonei    . 
Tin-  Sub-phrenic  R 
The  [Uo-lumbai  Region 
The  Peh  ic  Region    . 
The  l.       r  Sac    . 
ilic  Folds 
Median  Para  colic  Fot 
Ileal  Folds  and  K 


PAGE 

.    . 

338 

338 

::il 

3 1 1 

345 

354 

354 

355 

Tin:    Peritonei  m     ciwltmnil. 

Formation    of    Paracolic    Folds   and 

Fossa-          .....  357 

Peritoneal  Fossae           .          .          .      .  3(50 

Abnormal  Arrangement  of  Peritoneum  363 

Applied  Anat omj         .         .         .  •  .  365 

.Movements  of  the  Omentum     .            .  367 

^'■n-il'ility  of  the  Peritoneum         .      .  367 


DIGESTIVE  SYSTEM. 


The  digestive  system  {apparatus  digestorius)  consists  of  the  alimentary  canal, 
the  teeth,  and  various  glands — the  secretions  of  which  are  discharged  through 
ducts  opening  into  the  canal. 

The  alimentary  canal  commences  at  the  mouth  and  terminates  at  the  anus. 
Its  total  length  is,  on  an  average,  about  8  metres  to  10  metres  (25  to  30  feet). 

The  part  situated  in  the  head,  neck,  and  thorax  is  comparatively  straight,  and 
measures  from  its  commencement  at  the  entrance  into  the  mouth  to  its  termination 
in  the  stomach  about  37  cm.  to  45  cm.  (15  to  18  inches).  The  rest  of  the  canal  lies 
in  the  abdomen  and  pelvis.  If  this  portion  extended  in  a  straight  line  from  the 
oesophageal  opening  of  the  stomach  to  the  anus,  it  would  not  exceed  in  length  the 
part  above  the  diaphragm  ;  but  in  consecmence  of  its  convoluted  and  tortuous 
course,  it  is  nearly  twenty  times  as  long. 

The  part  of  the  alimentary  canal  which  lies  above  the  diaphragm  consists  of  the 
mouth,  pharynx,  and  asophagus ;  while  that  contained  in  the  abdomen  and  pelvis 
consists  of  the  stomach  and  the  small  and  large  intestines.  The  mouth  is  partly 
bounded  by  certain  bones  of  the  skull — namely,  the  maxillse  and  palate  bones  above 
and  the  mandible  below.  It  is  provided  with  special  masticatory  organs — the  teeth 
— while  the  tongue  forms  a  muscular  elevation  in  its  floor.  The  upper  part  of  the 
pharynx  is  purely  an  air-passage,  and  communicates  anteriorly  with  the  two  nasal 
cavities,  and  laterally,  by  the  two  auditory  tubes,  with  the  tympanic  cavities. 
In  its  lower  part,  the  larynx  opens  on  its  ventral  wall  between  the  mouth  and  the 
oesophagus.  From  the  oesophagus  to  the  anus,  the  alimentary  canal  is  much  simpler 
and  more  uniform  in  its  structure.  It  forms  a  tube  (tubus  digestorius),  the 
cavity  of  which  is  bounded  from  within  outwards  by  a  mucous  membrane,  a 
submucous  layer,  and  a  muscular  coat.  The  stomach  and  intestines  are  partially 
provided,  in  addition,  with  an  external  serous  coat  derived  from  the  peritoneum. 
Numerous  small  glands  are  situated  in  the  wall  of  the  alimentary  canal,  some 
in  its  mucous  membrane,  and  others  in  its  submucous  tissue.  The  larger  glands, 
the  ducts  of  which  open  into  the  canal,  are  the  salivary  glands,  the  liver,  and  the 
pancreas.  The  ducts  of  the  salivary  glands  open  into  the  mouth,  and  those  of  the 
liver  and  pancreas  into  the  upper  part  of  the  small  intestine.  Since  the  respiratory 
tract  is  developed  in  much  the  same  way  as  a  gland  by  an  outgrowth  from 
the  ventral  wall  of  the  fore-gut  and  remains  permanently  connected  with  it, 
the  alimentary  canal  and  respiratory  organs  are  often  grouped  together  as  the 
gastro-pulmonary  system. 

CAVUM  ORIS. 

The  cavity  of  the  mouth  opens  anteriorly  on  the  face  by  a  transverse  aperture 
called  the  rima  oris,  while  posteriorly  it  communicates  with  the  pharynx  through 
the  fauces  (isthmus  faucium).     When  the  lips  are  in  contact,  the  oral  aperture 
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ia  situated  above  the  level  of  the  line  of  contacl  of  the  teeth  of  the  upper  and 

and  generally  corresponds  to  the  level  of  the  middle  of  the  crowns 

of  the  upper  teeth  as  far  outwards  as  the  firsl    premolars.     The  oral  cavity    is 

divided  into  two  parts     an  outer  and  inner-  by  the  alveolar  arches  and  teeth 

I). 
The  outer  and  Bmaller  pari  (vestibuium  oris)  is  horseshoe  shaped,  and  is 
bounded  externally  by  the  lips  and  cheeks;  internally  by  the  teeth,  and  by  the 
gums  covering  the  outer  aspect  of  the  alveolar  processes  of  the  upper  and  lower 
jaws.  The  roof  and  floor  of  the  vestibule  are  Eormed  by  the  reflection  of  the  mucous 
membrane  of  the  lips  and  cheeh  inwards  to  the  alveolar  processes,  these  it  joins 
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FlO.     1. — OOBOHAL    BSCTION     01     Tin;    MOUTH    JUST    BEHIND    THE    SECOND    MOLAR   TEETH.      Natural    size. 

(J.  Symington.) 

1,  nasal  fossa  ;  2.  maxillary  sinus  ;  3.  cavum  oris  proprium  ;  4,  superior  alveolo-latml  sulcus  ;  5.  vestibuium 
oinatox  muscle;  7.  inferior  alveolo-labial  sulcus;  8,  sublingual  gland ;  9,  duct  of  submandibular 
I",  superior    longitudinal  muscle;    11.    inferior    longitudinal;    12,  genio-glossus ;    13,  genio-liyoid ; 
16,  tnterioi  bi  Uj  ol  .  16,  platj  i 


aboul  the  level  of  the  middle  of  the  roots  of  the  teeth.    The  extension  of  the  vestibule 

upwards  and  downwards,  external  to  the  gums,  may  be  called  the  superior  and 

)lo-labial  sulci.     Each  of  these  sulci  is  interrupted  in  the  median  plane 

small  vertical  fold  of  the  mucous  membrane  called  the  frenulum  labii.    The 

fold  connecting  the  upper  lip  with  the  gum  is  larger  than  that  of  the  lower  lip. 

The  Inferior  sulcus  tends  t.»  become  gradually  shallower  as  it  passes  backwards, 

until  opposite  the  lasl  molai  tooth  where  the  Hour  rises  somewhat  abruptly.     The 

tends  posteriorly  to  the  level  of  the  anterior  border  of  the  ramus  of 

the  mandible,  lateral  to  which  and  extending  forwards  beyond  the  ramus  is  the 

muscle  It  receives  on  each  side  the  secretion  of  the  parotid 

d. 

The   inner   portion    of  the   mouth    (cavum   oris   proprium)    lies  within   the 
f  the  alveolar  and  dental  arches,  and  is  bounded  above  by  the  hard 
palate,  while  it,  its  floor  is  situated  the  anterior  portion  of  the  tongue.     Behind,  it 
communicates  with  the  pharynx. 


MOUTH  6 

If  the  mouth  is  closed,  the  dorsum  of  the  tongue  is  more  or  less  accurately- 
moulded  to  the  palate,  its  tip  and  sides  are  in  contact  with  the  teeth,  and  the  free 
part  of  the  under-surface  rests  upon  a  horseshoe-shaped  area  of  mucous  membrane, 
which  extends  from  the  mandible  to  the  tongue.  This  area  is  sometimes  termed 
the  floor  of  the  mouth.  In  the  median  plane,  the  mucous  membrane  forms  a  vertical 
fold — the  frenulum  Linguae— and  on  each  side  of  this  fold  there  is  a  small  conical 
elevation,  at  the  apex  of  which  is  the  orifice  of  the  duct  of  the  submandibular 
gland.  Passing  backwards  and  outwards  from  this  elevation  is  a  ridge,  2  cm. 
to  3  cm.  in  length,  due  to  the  sublingual  gland,  and  on  this  ridge  are  the  openings 
of  small  ducts  from  this  gland.  The  cavity  of  the  mouth  is  opened  by  the 
depression  of  the  mandible  and  of  the  tongue. 

When  the  teeth  of  the  upper  and  lower  jaws  are  in  contact,  the  vestibule  of  the 
mouth  communicates  with  the  cavity  of  the  mouth  proper,  merely  by  the  narrow 
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Fia.  2. — Coronal   section    of   the   posterior   part   of   the   mouth,  the  tongue,  etc.      Two-thirds 

natural  size.     (J.  Symington.) 

1,  pharynx  ;  2,  levator  palati ;  3,  palato-glossus  ;  4.  glands  of  soft  palate  ;  5,  internal  pterygoid  :  6,  ramus 
of  lower  jaw  ;  7,  masseter  ;  8,  stylo-glossus  ;  9,  septum  linguae  ;  10,  hyo-glossus  ;  11,  submandibular  gland; 
12,  mylo-hyoid  ;    l3t  digastric  ;    14,  genio-glossus  ;    15,  genio-hyoid  ;    16,  platysma. 

clefts  between  the  teeth  and  by  somewhat  larger  openings  placed  behind  the  last 
molar  teeth  and  in  front  of  the  ramus  of  the  jaw,  but  they  communicate  freely  with 
one  another  when  the  mandible  is  depressed.  The  aperture  on  each  side  behind 
the  last  molars  is  bounded  posteriorly  by  the  mucous  membrane  passing  inwards 
from  the  ramus  of  the  jaw  in  front  of  the  internal  pterygoid  muscle  and  the 
pterygo-mandibular  raphe. 


LABIA  ORIS  AND  BUCCiE. 

The  lips  and  cheeks  are  composed  externally  of  skin,  and  internally  of  mucous 
membrane,  between  which  are  included  muscles,  vessels,  and  nerves,  areolar  tissue, 
fat,  and  numerous  mucous  glands. 

The  upper  lip  (labium  superius)  is  continuous  above  with  the  nasal  septum, 
the  posterior  boundary  of  the  nares  and  the  alse  nasi ;  below,  it  ends  in  a  free  border. 
On  each  side,  the  naso-labial  sulcus  (see  fig.  4),  passing  obliquely  downwards  and 
outwards  from  the  ala  of  the  nose  towards  the  angle  of  the  mouth,  may  be  regarded 
as  indicating  the  line  of  union  of  the  upper  lip  with  the  cheek.     Below  the  nasal 
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septoxn,  the  upper  lip  ia  marked  by  a  Bhallow  vertical  depression — the  phiUrum. 
Tins  median  portion  is  probably  developed  from  the  fronto-nasal  process,  while 
the  lateral  parts  are  Conned  from  the  maxillary  processes.  The  lower  Up  (labium 
infcrius)  does  not  -li"\\  a  similar  division  into  a  median  and  two  lateral  portions, 
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I  PIOS     "1      TAUT    OF    THE    HEAD     AT    THE    LEVEL    OF    T1IK      LNQLE    OF    THE     MOUTH. 

towed   reoM    ibovb.     Natural  size.    (J.  Symington.) 
tongue,  which  I  above  the  plane  oi  the  Bection,  was  not  cut.     P.G.,  parotid  gland;  M., 

■•  r    mil -■  I.    ;     [.P.,    inlii  n  -1    muscle. 

hut   it   is   separated   from  the  mentum  or  chin   by  a  transverse  groove  (sulcus 
an  nto-labial 

The  free  borders  of  the  lips  consist  of  an  anterior  and  a  posterior  portion.  The 
anterior  parts  are  not  in  contact,  except  when  the  oral  aperture  is  firmly  closed, 
but  appear  on  the  face  as  a  dry,  red.  muco  Cutaneous  area,  which  is  provided  with 
numerous  minute  vascular  papillae  and  an  abundant  nerve-supply,  so  that  it  is 
high i  tive.     The  posterior  parts  of  the  free  borders  of  the  lips,  which  meet 


LIPS  AND   CHEEKS  5 

when  the  mouth  is  closed,  are  covered  with  a  mucous  membrane,  kept  moist  by 
the  secretion  of  well-developed  submucous  glands.  The  protrusion  of  the  mouth 
in  the  negroid  races  is  said  to  be  largely  due  to  the  marked  development  of  the 
mucous  glands  of  their  lips. 

The  layer  of  muscular  fibres  seen  in  sagittal  sections  of  the  lips  and  forming 
the  orbicularis  oris  muscle  extends  to  the  junction  of  these  two  portions  of  the  labial 
border,  and  then  bending  sharply  forwards  lies  immediately  beneath  the  dry  muco- 
cutaneous membrane  and  ends  at  the  union  of  this  membrane  with  the  skin. 

The  cheeks  (buccae)  are  continuous  in  front  with  the  lips,  and  reach  backwards 
to  the  masseter  muscles.     On  their  lateral  or  cutaneous  aspect  they  possess  no 
distinct  upper  or  lower  boundary,  but  internally  they  may  be  regarded  as  limited 
by  the  line  of  reflexion  of  the  mucous  membrane  inwards  on  to  the  alveolar  arches. 
The  mucous  membrane  of  the  cheek,  owing  to  its 
close  attachment  to  the  buccinator  muscle,  is  either 
smooth   or  only  slightly  folded.      The  variations 
in   the   thickness  of  the  cheek  are  almost  entirely 
dependent  upon  the  amount  of  fat  situated  between 
the    skin    and    the    buccinator    muscle.      During 
infancy,  fat  is  especially  abundant  in  this  region,  ** 

so  that  not  infrequently  the  thickness  of  each 
cheek  is  nearly  equal  to  the  transverse  diameter  of 
the  cavity  of  the  mouth.  In  addition  to  the  ordinary 
subcutaneous  fat,  there  is  a  special  lobule  (corpus 
adiposum  buccce)  provided  with  a  well-defined 
capsule,  situated  in  the  posterior  part  of  the  cheek. 
This  is  often  termed  the  sucking-pad,  as  it  tends 
to  prevent  the  cheeks  being  pressed  inwards  by  the     Fl°-  *■— View  of  the  lower  pakt 

..  1    ■        -l  ■     /     n     •    i  0F  THE  FACE  FROM  THE  FROST. 

atmospheric  pressure  during  sucking  (see  Symington,  ^  Symington.) 

'  The  Topographical  Anatomy  of  the  Child,'  p.  14). 

The  fat  of  the  cheek  is  not  only  continuous  with  the  adjacent  subcutaneous  fat, 

but  it  also  extends  upwards  and  backwards,  internal  to  the  masseter  and  temporal 

muscles,  to  gain  the  interval  between  the  two  pterygoid  muscles. 

Some  small  glands  (buccal  glands)  lie  between  the  buccinator  muscle  and  the 
mucous  membrane  of  the  cheek.  Two  or  three,  larger  than  the  rest,  found  between 
the  masseter  and  buccinator  muscles,  and  opening  by  separate  ducts  near  the  last 
molar  teeth,  are  called  the  molar  glands.  The  secretion  of  these  glands  is  under- 
stood to  be  mucus  ;  whether  it  has  any  of  the  specific  properties  of  saliva  is  not 
known. 

Immediately  within  the  lips  and  cheeks  are  the  dental  arches,  consisting  of  the 
teeth,  gums,  and  alveolar  borders  of  the  jaws.  The  gums  (gingivce)  are  composed 
of  dense  connective  tissue,  cohering  very  closely  with  the  periosteum  of  the  alveolar 
processes,  and  covered  by  a  red  and  highly  vascular  mucous  membrane,  which  is 
smooth  in  its  general  surface,  but  is  beset  with  fine  papilla?  in  the  immediate  vicinity 
of  the  teeth. 

Blood-vessels,  lymphatics,  and  nerves  of  the  cheek  and  lips. 
Arteries. — The  external  maxillary  artery  passes  across  the  cheek,  in  which 
the  pulsations  of  the  vessel  can  readily  be  felt.  It  supplies  small  twigs  to 
the  cheek,  and  there  are  also  vessels  entering  the  cheek  from  the  buccinator 
branch  of  the  internal  maxillary  artery.  The  lips  are  supplied  by  the  superior  and 
inferior  labial  branches  of  the  external  maxillary  arteries.  The  labial  arteries  lie 
mainly  in  the  submucous  tissue,  but  occasionally  are  found  embedded  in  the 
orbicularis  oris  muscle  ;    they  anastomose  with  the  vessels  of  the  opposite  side. 
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The  veins  form  plexuses  :  thai  a1  the  free  border  of  the  lips  being  especially  well 
marked.  The  blood  is  returned  mainly  by  tributaries  of  the  facial  vein,  but  a 
few  join  the  submental  vein,  and  others  communicate  posteriorly  with  the 
pterygoid  plexus. 

The  lymphatics  of  the  lips  are  divisible  into  subcutaneous  and  submucous. 
The  subcutane<  us  vessels  of  the  lower  lip  pass  downwards  over  the  mandible,  near 
the  median  plane,  anastomose  with  i  hose  of  the  opposite  side,  and  end  in  the 
submental  glands.  The  other  vessels  from  the  lips  pass  backwards  and  downwards 
from  near  the  angle  of  the  mouth,  and  accompany  the  external  maxillary  artery 
to  the  lower  border  of  the  mandible,  which  they  cross  to  enter  the  mandibular  glands 
or  pass  on  to  some  of  the  upper  deep  cervical  glands.  The  lymphatics  from  the 
cheek  accompany  those  of  the  upper  lip,  and  have  a  similar  termination.  A  few 
Bmall  lymphatic  glands  exisl  in  the  cheek  near  the  angle  of  the  mouth  and  also 
farther  Lack  in  front  of  the  inasseter  muscle. 

Nerves.- — The  mucous  membrane  of  the  cheek  is  supplied  by  the  buccinator 
branch  of  the  mandibular  nerve,  and  the  skin  mainly  by  branches  of  the 
auriculo-temporal  nerve,  which  accompany  the  branches  of  the  facial  nerve 
I'rohse).  The  skin  and  the  mucous  membrane  of  the  upper  lip  are  supplied  by 
the  rami  labiales  superiores  of  the  maxillary  nerves,  and  the  corresponding 
-tinctures  in  the  lower  lip  come  from  the  rami  labiales  inferiores  of  the  mental 
branch  of  the  mandibular  nerves.  The  facial  is  the  motor  nerve  to  the  muscles  of 
the  cheek  and  lips. 

LINGUA. 

The  tongrue  (lingua)  is  a  muscular  organ,  situated  in  the  floor  of  the  mouth 
and  in  the  anterior  wall  of  the  oral  portion  of  the  pharynx.  It  consists  of  a  main 
portion  or  body,  an  anterior  free  extremity  or  lip,  and  a  lower  fixed  part  or  root, 
which  is  attached  to  the  lower  jaw  and  hyoid  bone.  Its  upper  or  dorsal  surface, 
which  is  covered  in  its  entire  extent  by  mucous  membrane,  is  convex  from  before 
backwards,  and  from  side  to  side,  with  a  slight  median  depression.  This  surface  is 
in  relation  with  the  hard  and  soft  palate,  the  palatine  tonsils,  the  posterior  w"all  of 
t  he  pharynx,  and  the  upper  part  of  the  anterior  surface  of  the  epiglottis  (see  fig.  13). 
The  under-surface  is  free  and  covered  with  mucous  membrane,  in  its  anterior  part 
only  :  the  larger  and  posterior  portion  of  this  aspect  not  being  free,  but  connected 
by  various  muscles  with  the  lower  jaw,  hyoid  bone,  and  styloid  process.  Here 
also  enter  its  blood-vessels  and  nerves.  The  tongue  has  a  free  rounded  border  at 
its  anterior  extremity  or  tip,  and  at  the  sides  as  far  back  as  the  last  molar  teeth, 
where  the  lateral  borders  gradually  disappears. 

Mucous  membrane. — On  the  under-surface  of  the  tongue,  the  mucous 
membrane  is  smooth  and  thin,  and  in  the  middle  line  is  raised  into  a  prominent 
vertical  fold,  the  frenulum  lingua.  In  front  of  the  frenulum,  the  lingual  vein  can 
be  distinctly  seen  on  each  side  through  the  mucous  membrane,  and  close  to  it  lies 
the  deep  lingual  artery.  Farther  out,  a  slighl  fold  of  the  mucous  membrane  (plica 
fimbriata),  with  its  free  edge  notched  (see  fig.  6),  passes  from  near  the  tip  back- 
wards and  outwards.  This  fold  is  better  marked  in  the  fetus  and  child  than  in 
dull  :  and.  according  to  Gegenbaur,  it  is  a  vestige  of  the  under-tongue  of 
the  lemurs.  From  the  under-surface  of  the  tongue,  the  mucous  membrane  is 
reflected  toward-  the  inner  asped  of  the  lower  jaw.  The  deep  groove  between 
the  tongue  and  tl  ■  lar  process  of  the  jaw  may  be  termed  the  alveolo-lingual 

The  dorsal  Burface  of  the  tongue  (fig.  7),  from  its  mode  of  development  and  the 
structure  of  it,  mucous  membrane,  presents  a  natural  division  into  an  anterior  and 


TONGUE 


a  posterior  portion.  The  anterior  part  is  developed  in  connexion  with  the  inner 
aspect  of  the  mandibular  arch,  and  the  posterior  from  the  second  and  third  arches. 
These  two  portions  are  frequently  separated  in  the  adult  by  a  median  pit — the 
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Fig.  5. — View  of  the  under-surface  of  the  anterior  part  of  the  tongue  and  of  the  sublingual 
portion  of  the  floor  of  the  mouth.     (Modified  from  Testut.)     (J.  Symington.) 

On  the  left  side,  part  of  the  mucous  membrane  of  the  tongue  has  been  removed,  and  also  some  fibres  of  the 
inferior  lingualis  muscle,  in  order  to  expose  the  deep  lingual  artery,  the  lingual  nerve,  and  the  gland  of  Blandin. 

foramen  caecum — and  a  shallow  groove  (sulcus  terminalis  linguce,  His)  passes  from 
this  outwards  and  forwards  on  each  side  to  terminate  in  front  of  the  lower  end  of 
the  anterior  palatine  arch.  The  anterior  portion,  forming  about  two-thirds  of  the 
upper  or  dorsal  surface,  has  its  mucous  mem- 
brane thin,  closely  adherent  to  the  muscular 
tissue  below,  and  provided  with  numerous  small  jprenuium 
eminences  named  papilla?.  These  are  also  found  linguce 
upon  the  tip  and  borders,  where,  however,  they  Plica  svblin- 
gradually  become  smaller,  and  towards  its  under-  gvalis 
surface  they  disappear.  The  mucous  membrane  ,  .  ' 
on  the  posterior  third  of  the  tongue  differs 
considerably  from  that  covering  its  anterior 
two-thirds.  It  is  thicker,  smoother,  and  less 
adherent,  and  in  place  of  papillae,  is  studded 
with  numerous  mucous  glands  and  lymphoid 

follicles.  The  latter  are  often  called  the  tonsilla  lingualis.  Three  folds  of  the  mucous 
membrane — one  median  and  two  lateral — named  the  glosso-epiglotticfolds,^a,sa  back- 
wards from  the  base  of  the  tongue  to  the  epiglottis.     Between  these  folds  are  the  two 
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Fig.  6. — Under-surface  of  the  tongue 
of  a  new-born  child.     (Gegcnbaur.) 
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ues.  Farther  forward,  the  mucous  membrane  is  joined 
on  each  side  by  the  anterior  palatine  arch,  behind  which  it  is  continuous  with  the 
mucous  membrane  covering  the  tonsils.  Except  in  the  neighbourhood  of  the 
vallate  papilla?,  the  papillary  surface  of  the  tongue  is  devoid  of  glands,  l»ut  they 

occur  abundantly  at   the  base,  sides,  and   under-surface  of  th 'gan,  and  are  in 

structure  similar  to  those  which  occur  elsewhere  in  the  mouth. 
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The  papilla;  Eound  on  the  anterior  two-thirds  of  the  tongue  are  of  four 
kmd  '       ■      fo        conical,  and  foliate,  varying  both  in  size  and  form,  but 

all  of  them  visible  to  th<  naked  eye  ;  they  themselves,  like  the  rest  of  the  mucous 
membrane  of  the  tongue  and  mouth  generally,  are  covered  with  closely  set,  micro- 
scopic  secondary  papilla?,  bidden  under  the  epithelium,  which  correspond  with 
those  of  t  lie  skin,  and  are  ea<  b  occupied  by  a  long  loop  of  capillary  blood- vessels. 
Lymphal  o  originate  within  the  papillae,  and  pass,  as  elsewhere  in  the  mouth, 

a  superficial  plexus  in  the  mucous  membrane,  from  which  again  the  lymph  is 
ed  away  by  valved  vessels  seated  in  the  submucous  tissue. 

Th  vallaU  papilla  (fig.  7),  from  seven  to  twelve  in  number,  are  found  at  the 
onion  of  the  middle  and  posterior  thirds  of  the  tongue,  arranged  in  two  lateral 
rows,  which  run  obliquely  backwards  and  inwards  towards  a  median  papilla,  like  the 
arms  of  the  letter  V  :   bul  Dol  infrequently  there  are  two  papillae  in  the  middle  line. 
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Fig.  8.— Vertical  section  of  a  vallate  papilla 
from  the  calf.    25  diameters.     (Eugelmanu.) 

A,  the  papilla ;  B,  the  surrounding  wall. 
The  figure  shows  the  nerves,  n  n,  of  the  papilla 
spreading  towards  the  surface,  and  towards 
the  taste-buds  which  are  embedded  in  the 
epithelium  at  the  sides  ;  in  the  sulcus  on  the 
left,  the  duct,  il,  of  a  gland  is  seen  to  open. 


These  vallate  papilla?  are  situated  in  cup-like  depressions  of  the  mucous  membrane, 

and  have  the  shape  of  a  truncated  cone,  of  which  the  smaller  end  is  attached  to  the 

bottom  of  the  cavity,  and  the  broad  flattened 

base  appears  on  the  surface  (fig.  8).     They 

are,   therefore,    surrounded   by   a  circular 

trench  (fossa),  around  which  again  is  a  slight 

annular  elevation  of  the  mucous  membrane 

(vallum).     In  some  of  them  there  is  found 

a  central  depression.      The  ducts  of  one  or 

more  serous  glands  open  into  the  trench  of 

each  vallate  papilla  (fig.  8,  d  ;   fig.  9,  M). 

The    stratified    epithelium    covering    each 

papilla  vallata  is  thick,    and    completely 

conceals  the  minute  secondary  papillae. 
Taste-buds  are  found  forming  a  zone 

around  the  circumference  of  these  papillae ; 

in  man  and  some  animals  also  upon  the 

opposite  walls  of  the  valla  (fig.  9). 

The  fungiform  papillce,   more  numerous    than   the    last,   are  small   rounded 

eminences    scattered    over    the    middle    and    fore-part    of    the    dorsum    of    the 

tongue  (fig.  7)  ;    but  they  are  found  in  greater  number  and  closer  together  at  the 

apex  and  near  the  borders.     They  are  easily  distinguished  in  the  living  tongue 

owing  to  their  deep-red  colour. 
They  are  narrow  at  their  points  of 
attachment,  but  are  gradually  en- 
larged towards  their  free  extremities, 
which  are  blunt  and  rounded. 

The  conical  papillce  are  the  most 
numerous  of  all,  as  well  as  the 
smallest.  They  are  minute,  conical, 
tapering,  or  cylindrical  eminences, 
which  are  densely  set  over  the  greater 
part  of  the  dorsum  of  the  tongue 
(fig.  7),  but  towards  the  base  gradu- 
ally disappear.  They  are  arranged 
in  lines  diverging  from  the  raphe  :  at 
first  in  an  oblique  direction,  like  the 
two  ranges  of  papilla?  vallate,  but 
gradually  becoming  transverse  to- 
wards the  tip  of  the  tongue.  At 
the  sides,  they  are  longer  and  more 
slender,  and  arranged  in  parallel 
rows,  perpendicular  to  the  border 
of  the  tongue.  The  papillae,  here 
described  as  conical,  are  sometimes 
the  latter  being  the  shorter  and  the 


Fig.  9. — Section   of   vallate  papilla,  human.    The 
figure  includes  one  side  of  the  papilla   and 

THE   ADJOINING  PART   OF   THE    VALLUM.         Magnified 

150  diameters.     (Heitzmann. ) 

E,    epithelium  ;     0,    taste-bud  ;      C,    corium     with 
injected  blood-vessels  ;    M,  gland  with  duct. 


divided  into  the  conical  and  the  filiform 
smaller. 

The  papillary  surface  of  the  tongue  is  supplied  abundantly  with  nerves,  some 
of  which  terminate  in  end-bulbs,  and  a  few  in  tactile  corpuscles.  In  the  fungiform 
papilla?  the  nerves  are  large  and  numerous  ;  but  they  are  still  more  abundant, 
and  of  greater  size,  in  the  vallate  papillae,  where  they  are  chiefly  distributed  in 
the  neighbourhood  of  the  taste-buds  (fig.  8). 
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The  papillae,  besides  being  the  parts  chiefly  concerned  in  the  special  sense 
oi  taste,  also  possess,  in  a  very  ai  ute  degree,  tactile  sensibility  ;  and  the  conical 
and  filiform  papillae,  armed  with  their  denser  epithelial  covering,  serve  a  mechanical 

purpose,  in  the  action  of  the  tongue  upon  the  I I,  as  is  well  illustrated  by  the 

more  developed  form  which  these   papilla?  attain 
in   many  carnivorous  animals. 

The  two  papilla  foliatcB  consist  of  a  variable 
number  of  small  vertical  transverse  folds  present 
on  each  side  of  the  tongue.  These  folds  com- 
mence just  in  front  of  the  attachment  of  the 
anterior  palatine  arch  and  extend  forwards  for  a 
:T  Hl,,w.  variable  distance  along  the  lateral  border  of  the 
im;   thk   siTiwTiuN-   of    tue      tongue,  gradually  becoming  less  distinct. 

i-.vi'ii  i  »    i  .'ii  hi:,  p. 

In  some  animals  (e.g.,  rabbit),  there  is  present  on  each 
Bide  >.f  the  tongue,  nearlj  opposite  the  ends  of  the  V  formed  by  the  line  of  papillae  vallatae,  an 
oval  aggregation  of  transversely  placed  ridges  or  lamina;  with  intervening  furrows,  which  is 
termed  the  papilla  foliata  (fig.  10).  The  ridges  are  covered  with  a  thick  Btratified  epithelium, 
and  in  thi>  epithelium,  a1  their  sides,  are  embedded  numerous  taste-buds.  The  papilla? foliata' 
are  more  distinctly  defined  in  the  rabbit  than  in  man. 

Foramen  caecum  and  thyro-g-lossal  duct. — The  foramen  ca?cum  is  a 
median  rei  ess,  variable  in  size  and  sometimes  absent,  which  is  situated  just  behind 
the  median  vallate  papilla.  According  to  His,  it  represents  the  apex  of  a  V-shaped 
depression,  which  is  Eormed  by  the  development  of  the  tongue  from  an  anterior 
median  process  (tuberculum  impar),  and  two  lateral  and  posterior  prominences, 
which  grow  forwards  at  the  sides  of  the  tuberculum  impar.  According  to  the 
same  authority,  the  foramen  c-ecum  indicates  the  position  of  the  epithelial  out- 
growth from  which  the  median  portion  of  the  thyroid  gland  has  been  formed.  As 
the  thyroid  recedes  from  the  tongue,  it  becomes  connected  with  the  foramen  caecum 
by  a  long  narrow  tube — the  thyro-glossal  dud.  The  upper  part  of  this  duct  may 
persist  as  a  canal  (ductus  lingualis)  leading  from  the  foramen  csecum  downwards 
to  1  be  byoid  bone. 

Glands. — The  mucous  membrane  of  the  tongue  is  provided  with  numerous 
small  elands  (Ungual  glands),  collected  principally  about  the  posterior  part  of  its 
upper  surface,  near  the  papillae  vallatae  and  foramen  caecum,  into  which  last  the 
ducts  of  several  glands  open.  These  glands  have  usually  been  supposed  to  secrete 
mucus,  but  it  has  been   ascertained  that  some  of  them — especially  those  which 

•  •I"  n  in  the  trenches  around  the  papillae  vallatae,  and  at  other  parts  where  taste- 
buds    occur    -yield   a   scions    secretion  (Ebner).     Other  small  glands  are  found 

beneath  the  mucus  membrane  of  the  borders  of  the  tongue.     There  is,  in 
particular,  a  group  on  the  under-surface  of  the  tongue,  on  each  side  near  the  apex, 

•  ailed  the  anterior  Ungual  glands  or  glands  of  Nuhn-Blandin  (see  fig.  5).  They  are 
there  aggregated  into  a  small  oblong  mass,  out  of  which  several  ducts  proceed  and 
"pen  in  a  line  on  the  mucous  membrane.     .Most  of  the  glands  are  acino-tubular. 

The  mucous  membrane  of  the  tongue — at  least  its  posterior  part — contains 
a    large    ami  I    Lymphoid   tissue,    which   is   collected   at    numerous   points 

into  the  denser  nodular  masses  known  as  follicular  elands,  or  lymphoid  follicles. 
The  blood-vessels  and  lymphatics  of  this  part  of  the  membrane  are  numerous  and 
large,  but  the  papillae  on  its  surface  are  comparatively  small,  and  are  completely 
concealed  by  the  thick  superjacent  epithelium.  Here  and  there,  the  mucous  mem- 
brane exhibit  or  crypts  (fig.  7),  either  simple  or  surrounded  by  smaller 
which  open  into  them.  The  wall-  of  these  recesses  are  generally  studded 
with  lymphoid  nodules ;  and  they  receive  many  of  the  ducts  of  the  mucous  glands. 
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Muscular  substance. — The  muscular  floor  of  the  mouth  is  formed  by  the 
two  mylo-hyoid  muscles  with  the  two  genio-hyoids  on  their  upper  aspect ;  and  the 
substance  of  the  tongue  is  mainly  composed  of  muscular  fibres  situated  above 
and  behind  the  floor.  The  lingual  muscles  are  divided  into  the  extrinsic  and  the 
intrinsic  :  the  former  arising  from  structures  outside  the  tongue  and  passing  into 
its  substance  to  be  inserted  by  blending  or  interlacing  with  other  muscles  ;  the 
latter  are  placed  entirely  within  the  organ. 

The  two  largest  extrinsic  muscles — genio-glossi — connect  the  tongue  with 
the  anterior  part  of  the  mandible ;  their  fibres  enter  from  below,  and,  becoming 
fan-shajied,  radiate  in  its  substance  from  its  tip  backwards  as  far  as  the  hyoid 
bone.  Another  pair  of  muscles — hyo-glossi — arise  on  each  side  from  the  body 
and  cornua  of  the  hyoid  bone  and  pass  upwards  to  the  tongue,  forming  the  posterior 
part  of  its  lateral  wall.     The  two  genio-glossi  lie  in  close  contact  with  one  another, 


Fig.   11. — Longitudinal  vertical  section  of  the  tongue,   lip,  etc.      (Kolliker  and  Arnold.) 

m,  symphysis  of  the  lower  jaw  ;  d,  incisor  tooth  ;  h,  hyoid  bone  ;  g.h.,  genio-hyoid  muscle  ;  g,  genio-glossus 
spreading  along  the  whole  of  the  tongue  ;  tr,  transverse  muscle  ;  I  s,  superior  longitudinal  muscle  ;  gl.,  lingual 
glands;  /,  lymphoid  crypts;  e,  epiglottis;  I,  section  of  the  lip  with  its  labial  glands;  o,  cut  fibres  of 
the  orbicularis  oris;    l.m.,  levator  menti. 

whereas  the  hyo-glossi  are  separated  by  nearly  the  entire  breadth  of  the  base  of 
the  tongue.  Each  stylo-glossus  proceeds  from  its  styloid  process,  forwards  and 
downwards,  and  joins  the  tongue  along  the  upper  border  of  the  hyo-glossus,  while 
the  small  palato-glossus  descends  in  the  palato-glossal  arch  from  the  soft  palate 
to  the  side  of  the  tongue.  The  mylo-hyoid  muscle  ends  in  a  free  posterior  border 
anterior  to  the  base  of  the  tongue,  and  a  space  is  left  external  to  the  hyo-glossus 
and  behind  the  mylo-hyoid  by  which  the  lingual  and  hypoglossal  nerves,  the  lingual 
vein,  and  a  process  of  the  submandibular  gland  and  its  duct  reach  the  side  of 
the  tongue ;  the  connective  tissue  of  the  floor  of  the  mouth  becomes  continuous 
with  that  of  the  neck.  The  lingual  artery  and  the  glosso-pharyngeal  nerve, 
however,  enter  the  tongue  on  the  median  side  of  the  hyo-glossus  muscle. 

The  intrinsic  or  proper  muscles  of  the  tongue  will  be  noticed  here  particu- 
larly; but  the  extrinsic  will  be  described  in  detail  under  the  muscular  system. 
The  intrinsic  muscles  are  as  follows  : — 

The  superior  longitudinal  muscle  consists  mainly  of  longitudinal  fibres. 
placed  near  the  upper  surface  of  the  tongue,  immediately  beneath  the  mucous 
membrane,  and  is  traceable  from  the  apex  of  the  organ  backwards  to  the  hyoid 
bone  (fig.  11,  Is;   fig.  12).     The  individual  fibres  do  not  run  the  whole  of  this 
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nee,  but  are  attached  al  intervals  to  the  submucous  and  glandular  tissues. 
The  entire  layer  becomes  thinner  towards  the  base  of  the  tongue,  near  which  it 
is  overlapped  at  the  Bides  by  a  thin  plane  of  oblique  or  nearly  transverse  fibres 
derived  from  the  palato  glossus  and  hyo-glossus  muscles. 

I  ■■  interior  longitudinal  muscle  consists  of  a  rounded  muscular  hand, 
extending  along  ill"  under-surface  "I  'lie  tongue  from  base  to  apex,  and  Lying 
outside  tin-  genio-glo88us,  between   thai    muscle   and   the   hyo-glossus  (fig.   L2). 

eriorly,  Borne  of  its  fibres  are  h>si  in  the  substance  of  the  tongue,  and 
others  air  said  to  reach  the  hyoid  hone,  but  Parsons'  did  not  find  such  an 
attachment.  In  front,  having  first  been  joined,  at  the  anterior  border  of  the 
byo  glossus  muscle,  by  fibres  from  the  st  ylo-glossus,  it  is  prolonged  beneath  the 
hoid.-r  of  the  tongue  as  fir  as  its  point. 

The  transverse  muscular  fibres  of  the  tongue  (fig.    11.   //•  :    tig.  12)   form, 

her  with  the  intermixed  fat.  a  considerable  part  of  its  substance.     They  are 

Superior  longitudinal  ; 

<*  ■    M 

&•  •:  Transverse  fibres 

•y  :,A  -  '  • 

Stt/lo-nlossus-t-'.  .  ..•,/• 

1      '  '         v        '"•       -  ' 

Vertical  fibres*^./   ■     v>  "-,''£'  </',£•*"• 


Hyo-glossus — ^ 
Ii'firior  longitudinal  fibrt  r 


>>iS 


Lingual  artmj/fa 

I   i 


c,  nio-glo 

I ■'!<..    12, — Coronal  section'  of  the  tongue  about  the  middle  of  its  length,  left  half  seen  from 

BEHIND.      (W.     Krau-   .  I 

found  in  the  interval  between  the  upper  and  lower  longitudinal  muscles,  and  they 
oterwoven  extensively  with  the  other  muscular  fibres.  Passing  outwards 
from  the  median  plane,  where  they  take  origin  from  a  fibrous  septum  (fig.  12), 
they  reach  the  dorsum  and  borders  of  the  tongue,  in  proceeding  outwards,  they 
separate,  and  the  superior  fibres  incline  upwards,  forming  a  series  of  curves,  with 
the  concavity  upwards.  The  fibres  of  the  palato-glossus  muscle  are  stated  by 
Zaglas  and  I  lei  ilc  to  be  continuous  with  fihres  of  the  transverse  set. 

Vertical  muscles  (external  perpendicular  muscle  of  Zaglas),  decussating  with 
the  transverse  fibres  and  the  insertions  of  the  genio-glossus  (fig.  12),  form  a  set 

i  'Topography  and  Morphology  oi  the  Human  Hyoid  Bone,'  Jour,  .\nat.  and  Phys.,  vol.  xliii.,  1909. 


13      Mu.iw  -> s  oi    nn.  head  \m>  m  i  k.    Two-thirds  natural  size.     (Braune.) 

I      phenoidal   sinus;    J.   latei  ol   pharynx;    3,  pharyngeal  orifice  of  tuba  auditiva ;    4.  anterior 

arohofatbj  ft  palate;  6,  body  of  axis  ;  7,  oral  portion  of  pharynx  :  S.  epiglottis  ;  9,  arytenoid  muscle  : 

l  l     '  12,  cesopli  !  "i  nt  innominate  artery  from  aorta;    14,  genio- 

Jo-hyoid    muscle;    l'i.  mylo-hyoid    muscle;    17.   platysma ;    18,   hyoid   bone;    19, 

'hyn    :  oid  cartilage;  21,  isthmus  of  thyroid  body;  22,  sterno-hyoid;  23,  steruo-thyroid  ; 

■t  innomio  I  manubriom  sterai. 
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of  ourvee  in  each  balf  of  the  tongue,  with  their  concavity  outwards,  and  extending 
down  .md  out  from  the  dorsum  to  the  under-surface  of  the  border,  so  that  those 
which  are  outermosl  axe  short* 

unined  in  ir.r  •  (dona,  the  muscular  fibres  are  n  en  to  be  arranged  »  a^  to  render 

the  substance  divisible  into  an  outer  pari  or  cortex  and  an  internal  or  medullary  part.  The 
fibres  of  ii-  ire  principally  longitudinal,  derived  superiorly  from  the  superior  longitudinal, 

hither  outwards  from  the  hyo-gloasus,  on  thi  Bide  from  the  Btylo-glossus,  and  bi  ai  ath  this  from 
the  inferior  longitudinal.  Tiny  enaheatb  the  medullary  pari  on  all  Bides  except  inferiorly,  where 
the  genio-gloesi  muscles  enter  it  between  the  inferior  linguales.  In  the  medullary  part  are 
found,  embedded  in  tat,  the  decussating  fibres  of  the  transverse  muscle  passing  across,  the  genio- 
glos&i  radiating  upwards  and  outwards,  and  the  vertical  muscles  arching  downwards  and 
outwards.  In  addition  to  the  movements  which  may  be  givi  a  to  the  tongue  by  the  extrinsic 
muscli  s,  this  organ  is  capable  of  being  curved  upwards,  downwards,  or  laterally  l>y  its  cortical 
fibres,  it  is  Battened  by  the  vertical  fibres,  and  its  margins  are  again  drawn  together  by  the 
transverse,  whilst  the  two  last  mentioned,  acting  together,  would  tend  to  lengthen  the  organ. 

The  septum  of  the  tongue  is  a  tliin  fibrous  pat  tit  ion  which  extends  forward 
from  the  hyoid  bone  to  the  tip,  and  divides  one  half  of  the  medullary  part  of  tbe 
tongue  from  the  other,  bul   does  not  penetrate  into  the  cortex. 

Blood-vessels,  lymphatics,  and  nerves. — The  arteries  of  the  tongue 
are  derived  from  the  lingual,  with  some  small  Itjim  ],:■-  from  i  he  external  maxillary 
and  ascending  pharyngeal.  The  veins  empty  their  contents  into  the  internal 
jugular  trunk. 

Lymphatics.  The  lymphatic  vessels  of  the  tongue  may  be  divided  into  three 
groups:  anterior,  posterior,  and  lateral.  The  anterior  consist  of  a  few  vessels 
from  t  he  tip  of  i  he  tongue,  which  pass  downwards  through  the  mylo-hyoid  muscle 
to  the  submental  glands  situated  between  the  anterior  bellies  of  the  digastric 
muscles.  The  posterior  arise  from  the  posterior  j)art  of  the  tongue  in  the  neighbour- 
hood of  the  vallate  papillae  and  arc  connected  with  those  coming  from  the  palatine 
tonsils.  They  pass  down  with  the  dorsal  branches  of  the  lingual  artery,  and  then 
wit  h  t  he  trunk  of  t  be  lingual  to  end  in  the  deep  cervical  glands.  The  lateral  vessels 
run  beside  the  sublingual  jiland  :  some  of  them  pierce  the  mylo-hyoid  muscle  and 
end  in  the  paramandibular  glands,  while  others  follow  the  lingual  artery  to  the 
deep  cervical  glands. 

The  nerves  of  the  tongue  (exclusive  of  branches  from  the  sympathetic  nerves) 
are  live  namely  :  the  /<><;/>"// branch  of  the  trifacial,  which  supplies  the  papilla' and 
mucous  membrane  of  the  fore-part  and  sides  of  the  tongue  to  the  extent  of  about 
thirds  of  its  surface  with  common  sensibility  ;  the  chorda  tympani,  a  branch  of 
the  facial  nerve  which  accompanies  the  lingual  to  the  tongue  and  probably  serves 
as  the  ic-tve  id  taste  to  a  corresponding  area  of  the  mucous  membrane;  the  lingual 
branch  of  the  glosso-pkaryngeal,  which  sends  filaments,  both  sensory  and  gustatory, 
to  the  mucous  membrane  at  the  base  of  the  tongue,  and  especially  to  the  papilla? 
vallatae ;  the  superior  laryngeal,  which  distributes  a  few  sensory  branches  in  the 
neighbourhood  of  the  epiglottis;  and  lastly,  the  hypoglossal  nerve,  which  is 
distributed  to  the  muscles  both  intrinsic  and  extrinsic.  Microscopic  ganglia  exist 
"I""1  th(  i  isions  of  the  glosso- pharyngeal  nerve — especially  in  the  neighbour- 
;  "f  '  be  papillae  vallataB  and  papillaB  foliatse — and  they  have  also  been  found  in 
tic  -  and  calf  upon  t  be  lingual  nen  e. 

PALATUM. 

The  roof  of  the  mouth  is  formed  by  the  palate,  which  consists  of  two  portions  : 
the  fore-parl  being  named  the  haul  palate  and  the  back-part  the  soft  palate.  As 
a  whole,  tl  oncave  from  before  backwards,  and  also  from  side  to  side. 
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The  hard  palate  (palatum  durum)  is  bounded  in  front  and  at  the  sides  by  the 
alveolar  arches  and  gums,  and  is  distinguished  from  the  soft  palate  by  having 
an  osseous  framework.  It  is  covered  by  periosteum  and  mucous  membrane — these 
two  structures  being  firmly  connected  together.  In  front,  the  mucous  membrane 
is  thick,  dense,  rather  pale,  and  corrugated,  but  it  becomes  thinner,  smoother,  and 
of  a  deeper  colour  behind.  The  corrugations  of  the  mucous  membrane— palatal 
rugoB — may  be  divided  into  the  longitudinal  and  the  transverse.  In  the  middle  line 
there  is  a  longitudinal  ridge  or  raphe,  ending  behind  the  interval  between  the  two 
median  incisors  in  a  small  eminence — the  papilla  palatina  or  incisive  pad.  This 
papilla  corresponds  to  the  anterior  palatine  fossa,  and  receives  the  terminal  filaments 
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Fig.  14. — Median   section   of   the    mouth,    pharynx,   larynx,   etc.,   of   a    bo\"  aged    three   years. 
Mandible  depressed.     Natural  size.     (J.  Symington.) 


of  the  naso-palatine  and  anterior  palatine  nerves.  Two  small  blind  recesses,  one 
on  either  side,  are  sometimes  found  upon  it.  They  represent  the  lower  part  of 
the  naso-palatine  foramina  or  canals  of  Stensen,  which  in  many  animals  lead  from 
the  mouth  into  the  nasal  cavities.  The  transverse  rugse,  generally  about  five 
or  six  in  number,  vary  considerably  in  their  development.  They  are  best  marked 
during  fetal  life,  and  tend  to  become  gradually  less  distinct  and  more  irregular  as 
age  advances.  In  the  adult,  the  ridges  are  often  broken  up  into  several  small 
eminences  and  may  even  entirely  disappear.  G.  Retzius  has  shown  that  these 
folds  may  present  considerable  variation  in  their  degree  of  development  and  in  their 
arrangement  in  fetuses  of  the  same  age. 

Palatine  folds  are  present  in  nearly  all  mammals,  but  reach  their  highest 
development  in  the  ungulates  and  in  certain  whales.  They  may  assist  the  young 
in  holding  on  to  the  nipple,  help  in  the  trituration  of  food,  or  act  as  a  water-strainer  : 
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l>iit  in  man,  they  are  evidently  rudimentary  structures  (see  C.  Gegenbaur,  'Die 
Qaumenfalten  d<  -  SI<  '  when,1  Morph.  Jahrb.,  Bd.  iv.,  1879 ;  and  ('•.  Ketzius,  'Die 
<  J.niim  nfaltcn  des  Menscheii  and  der  Tiere/  Biol.  Untersuch.,  Bd.  xiii.,  1906). 

The  soft  palate  [palatum  molle  or  velum  jiuhtti/utm)  is  formed  by  a  duplication 
of  mu(  tuis  membrane,  including  muscular  fibres  and  numerous  glands.  It  extends 
from  the  hard  palate,  backwards  and  downwards, be1  wren  bhe  nasal  and  oral  portions 

of  the  pharynx,  and  ends  below  in  a  free 
border,  which  in  bhe  middle  is  prolonged 
as  a  conical  process-  the  uvula — while 
at  the  sides  it  is  continuous  with  the 
palato-pharyngeal  arches.    As  a  rule,  it  is 


i 


about  10  mm.  to  12  mm.  in  thickness, 
nearly  half  of  which  is  due  to  the  glandular 
tissue  situated  between  the  muscles  and 
the  mucous  membrane  of  the  anterior  or 
under-surface  of  the  velum.  This  mem- 
brane, which  is  visible  from  the  mouth, 
is  thinner  and  redder  than  that  of  the 
hard  palate,  but.  like  it,  is  covered  with  a 
Bcaly  stratified  epithelium.  The  median 
ridge  or  raphe,  which  is  continued  back- 
wards from  the  hard  palate  to  the  base  of 
■        ^\    W  ^e  uvula,  indicates  the  original  separa- 

tion of  the  palate  into  two  lateral  halves. 
The  posterior  or  upper  surface  of  the  soft 
palate  is  convex  and  continuous  in  front 
with  the  floor  of  the  nasal  fossae.  This 
surface  is  covered  with  ciliated  columnar 
epithelium,  while  on  the  under-aspect 
and  free  margin  the  epithelium  is  scaly 
and  stratified. 

On  both  surfaces  cf  the  velum  are 
found  numerous  small  compound  glands. 
They  particularly  abound  on  the  under- 
surface.  where  they  form  almost  a  com- 
plete layer  under  the  mucous  membrane  ; 
they  are  also  very  abundant  in  the 
inula. 

The  blood-vessels,  lymphatics,  and  nerves  of  the  palate. — The 
arterial  supply  of  the  palate  is  mainly  derived  from  the  descending  palatine 
branches  of  the  internal  maxillary,  which  reach  the  palate  on  each  side  by  the 
pterygo-palatine  canal.  In  front,  small  twigs  of  the  sphenopalatine  artery  pass 
through  the  anterior  palatine  foramen.  The  veins  communicate  behind  through 
the  pterygo  palatine  'anal  with  the  pterygoid  plexus,  and  in  front  by  means  of  the 
anterior  palatine  foramen  with  the  veins  of  the  nose. 

The  lymphatics  of  the  under-surface  of  the  palate  form  a  plexus  which  com- 
municates with  that  of  the  opposite  side  and  with  the  vessels  of  the  gums.  The 
Is,  joined  posteriorly  with  those  from  the  palatine  tonsil,  pass  out  wards  through 
the  pharyngeal  wall  and  end  in  the  deep  cervical  glands.  The  lymphatic  vessels 
of  the  upper-surface  of  the  Bofi  palate  are  continuous  with  those  in  the  floor  of 
the  oose.  They  descend  to  the  side  wall  of  the  soft  palate  and  join  those  on  the 
under-surface  in  the  neighbourhood  of  the  palatine  tonsil. 


Fio.  16.— View  ob  the  soft  palate  and  isthmus 
oi'ini  i  bom  bei  OBE.    (J.  Sj  mington.  I 

j.  it--  raphe  :  3,  avals  :  4.  palato- 
glossal .i"li  :  5,  palato-pharyngeal  arch;  6,  tonsil; 
7.  posterior  trail  ••<  pharynx  ;   8,  dorsa i  tongue. 
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The  sensory  nerves  of  the  palate  (anterior,  middle,  and  posterior  palatine,  and 
the  naso-palatine)  come  from  the  maxillary  division  of  the  fifth  nerve  through 
the  spheno-palatine  ganglion.  It  is  probable,  however,  that  some  fibres  may  come 
from  the  facial  nerve  through  its  great  superficial  petrosal  branch,  which  forms  one 
of  the  roots  of  the  spheno-palatine  ganglion.  The  palato-glossus  muscle  is  supplied 
by  the  hypoglossal  nerve,  the  tensor  palati  by  the  mandibular  division  of  the  fifth, 
and  the  levator  palati  and  azygos  uvuke  probably  by  the  accessory  nerve  through 
the  pharyngeal  plexus,  but  some  authorities  derive  the  nerve-supply  of  these 
two  muscles  from  the  facial  nerve. 


GLANDUL/E    SALIVALES. 

The  saliva,  which  is  poured  into  the  mouth,  and  there  mixed  with  the  food 
during  mastication,  is  secreted  by  three  pairs  of  glands,  named  from  their  respective 


Ext.  and.  meatus 

Parotid  gland 
Facial  nerve 
Parotis  accessoria 
Parotid  duct 
Tongue 


Submandibular  duct 
Sublingual  gland 
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Hyoid  bone 

Submandibular  gland 
Post,  belli/  of  digastric 
Ster no- mastoid  m  usele 
Fig.  16.— Lateral  view  of  the  salivary'  glands,  etc.,  reconstructed  from  the  series  of  coronal 
sections  of  a  female,  aged  fifty-five  years,  shown  in  figs.  17  to  21. 
Half  natural  size.     (J.  Symington.) 
Numbers  2  to  7  on  the  figure  indicate  the  slabs  into  which  the  head  was  divided  opposite  the  salivary 
glands,  and  the  vertical  lines  between  them  show  the  position  of  the  cuts. 

situations — parotid,  submandibular,  and  sublingual.  Agreeing  in  their  general  phy- 
sical characters  and  structure,  these  glands  differ  in  their  size,  form,  and  position. 

Glandula  parotis.— The  parotid  (fig.  16)  is  the  largest  of  the  three  salivary 
glands.  It  lies  on  the  side  of  the  face,  in  front  of  and  below  the  ear,  and  extends 
as  the  processus  mandibularis,  deeply  into  the  space  behind  the  ramus  of  the 
lower  jaw.  Its  weight  varies  from  20  grm.  to  30  grrn.  Its  greatest  vertical 
extent  is  about  6  cm.,  its  antero-posterior  4  cm.  to  5  cm.,  and  it  reaches  inwards 
for  2*5  cm.  to  3  cm. 

This  gland  forms  an  irregular  wedge-shaped  mass,  with  its  base  external  and 
subcutaneous,  while  a  median  border,  projecting  inwards  behind  the  level  of  the 
ramus  of  the  jaw,  divides  the  deep  or  median  surface  of  the  gland  into  an  antero- 
median and  a  postero-median  portion.  When  the  hardened  gland  is  removed 
entire,  its  median  surface  exhibits  numerous  markings  due  to  its  being  moulded 
upon  an  irregular  area  formed  by  various  bones,  muscles,  and  blood-vessels. 

Its  subcutaneous  or  lateral  surface  is  convex  and  lobulated,  and  is  covered  by 
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kin  .ulI  fascia,  and  partially  by  the  platysma  muscle.  It  is  bounded  above 
by  the  zygoma;  below,  by  a  line  drawn  backwards  Erom  the  angle  of  the  jaw  to  the 
Bterno-m  istoid  muscle  ;  and  behind  by  the  external  meatus  of  the  ear,  the  mastoid 
process,  and  Bterno-mastoid  muscle.     Its  anterior  border,  which  li<  s  over  the  ramus 
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18. — Coriism.     SECTII         01     I  I  MALE  AGED   FIFTY- 
F1VF.   JTEAB8,  AMI  Kink  StTBJ  LCE  "1    SLAB  4.       Half 

pal  size.     (.J.  Symington. 

For  position  of  section,  see  vertical  line  between  3 
and  4  in  ivj..  16. 


Fig.    17.      CoBONAl     SECTION     "I      FEMALE  AGED 

l  n  n  -l  ivi:   \  i  IBS,    \m  i  -i  i;i  ICE    OF 

si  lb  :>.    U.ili  oatural  size.    (J.  Sj  minj  I 

For   position  of   Bection,    see    vertical   line 
•  ■..'•■n  •_'  and  it  in  iil'.  16. 

of  bhe  lower  jaw,  is  irregular,  and  stretches  forwards  to  a  variable  extent  on 
the  upper  and  posterior  part  of  the  lateral  surface  of  the  masseter  muscle.  It  is 
from  this  anterior  border  of  the  gland  that  the  duct  passes  off;  and  there 
is  frequently  found  in  connection  with  the  duct,  and  lying  upon  the  masseter 
muscle,  a  small  processor  a  separated  portion  of  the  gland,  which  is  called  glandula 
parotis  accessoria. 

Poster^  surface.  -  The  miter  part  of  this  surface  exhibits  a  vertical  groove 

where  the  gland  is  moulded  over 
the  anterior  borders  of  the  mastoid 
process  and  the  sterno-mastoid 
muscle,  the  depth  of  the  groove 
depending  on  the  extent  to  which 
the  gland  passes  backwards  on 
the  median  and  lateral  aspects  of 
these  structures.  Just  above  this 
.irea,  the  gland  i>  in  close  contact 
with  the  cartilaginous  floor  of 
the  external  auditory  meatus  and 
the  outer  and  lower  part  of  the 

U      3EOTIOH     ci      iiMui      i,;i  n     imm-ii\i  .  * 

BRPAci    ■•!    slab  ...     Balf  natural   tympanic  plate  (see  ng.  21).      In- 
81/1        '  Symington.)  ternal  to   the  mastoid  groove,  a 

shallow  depression,  passing  down] 
wards   and  forwards,  is  occupied 
the  pofiterioi   belly  of  the  digastric   muscle,  and.  Mill    farther   inwards,   the 

ooved    by  the  Btyloid    | -ess   and    the   stylo-hyoid    muscle.      The 

portion  of  the  eland  between  the  digastric  and  the'  styloid  grooves  comes 
into  dose  relation  with  the  outer  surface  of  the  internal  jugular  vein,  and 
behind  this  n  reaches  nearly  to  the  styl0-mastoid  foramen  and  is  pierced 
by  the  facial  nerve.  Above  and  in  front  of  the  stylohyoid  muscle  the  deep  part 
of  the  gland  Bometimes  reaches  the  internal  carotid  artery.  The  posterior 
auricula]  ends  in  contacl  with  the  outer  part  of  this  surface. 
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The  antero-median  surface  of  the  gland  (see  fig.  23)  possesses  a  well-defined  vertical 
»roove,  in  which  is  lodged  the  posterior  borders  of  the  ascending  ramus  of  the 
jaw,  the  rnasseter,  and  the  internal  pterygoid  muscles.  The  large  mass  of  gland 
substance  external  to  this  groove  turns  forwards  on  to  the  lateral  surface   of 
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Fig.  20. — Coronal  section  of  female  aged  fifty-five 
years,  anterior  surface  of  slab  6.  Half  natural 
size.     (J.  Symington.) 

For  position  of  section,  see  vertical  line  between  5  and  6 
in  fie.  16.     g-p->  parotid  gland  ;  m.m.,  rnasseter  muscle. 
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Fig.  21. — Coronal  section  of  female 
aged  fifty-five  y'ears,  anterior 
surface  i  if  slab  7.  Half  natural 
size.      (J.  Symington.) 

For  position  of  section,  see  vertical 
line  between  0  and  7  in  fie.  16. 


the  rnasseter  muscle,  while  that  internal  to  the  bone  sends  a  small  process 
(pterygoid)  forwards  on  the  median  side  of  the  internal  pterygoid  muscle  and  of 
the  spheno-mandibular  ligament. 

The  median  border  (see  figs.  23  and  25)  lies  between  the  styloid  muscles  and 
the  internal  pterygoid  muscle.     It  is  sometimes  termed  the  pharyngeal  process, 
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Fig.  22. — Coronal    section   of  the   head   of  an  adult   female,    passing    through    the    temporo- 
mandibular articulation,  viewed  from  the  front.     Two-thirds  natural  size.       (J.  Symington.) 

although  it  is  separated  by  a  considerable  space — occupied  by  loose  connective 
tissue — from  the  side  wall  of  the  pharynx. 

The  external  carotid  artery,  after  passing  upwards  internal  to  the  posterior 
belly  of  the  digastric  and  the  stylo-hyoid  muscles,  turns  outwards  and  enters  the 
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deep  Burfaoe  of  the  gland  close  to  its  median  border.  After  a  short  course  in  the 
gland, the  artery  dividea  into  temporal  and  internal  maxillary,  the  temporal  branch 
ascends  between  the  gland  and  the  jaw  and  appears  above  the  gland  in  front  of 
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Flo.  -':!.     Samj  BXOCIOI)  AS  fio.  22,  WITH  posterior  part  of  mandible  and  attachments  to  it  of  the 

i  \  r.    USB   ai*J  ODD  AM>  HASSETBB  KUSOLSS  REMOVED. 

Two-thirds  natural  size.     (J.  Symington.) 

the  ear,  and  the  internal  maxillary  branch  leaves  the  gland  almost  immediately 
after  its  origin  and  passes  forwards  between  the  neck  of  the  condyle  and  the  spheno- 
mandibulai  ligament.  The  internal  carotid  artery  is  only  occasionally  in  contact 
with  a  small  process  of  the  gland,  being  separated  from  it  by  the  styloid  process, 
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i         BORIZOKTAJ  I      III!     HI  AD    07»    A    MAX    AGED    FORTY    YEARS.    AT   THE   LEVEL   OF 

1111      '■)<  B    01      nil.    t"\DYLE    OF    THE    MANDIBLE,    VIEWED    FROM    ABOVE. 

Two-thirds  natural  size.    (J.  Symington.) 

The  parotid  gland  is  Been  i  rternal  to  the  neck  of  the  condyle,  and  turning  backwards  and  inwards  between 
the  ni  '  lyli    and  the  mastoid  process.     The  fibres  passing  backwards  and  outwards  from  the 

Burfaoe  of  tlj.    external  pterygoid   plate  to  the  neck  of  the  condyle  belong  to  the  external  pterygoid 
mU!«  I'  . 

tyloid  and  digastric  muscles,  and  the  internal  jugular  vein.  As  already 
explained,  the  parotid  gland  comes  into  close  relation  with  the  internal  jugular 
\  ••in  fur  a  short  distance  above  the  digastric  muscle.      The  temporal  and  maxillary 
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veins  unite  in  the  gland,  and  the  resulting  venous  trunk  leaves  the  gland  near  the 
angle  of  the  jaw. 

The  facial  nerve  enters  the  gland  near  the  stylo-mastoid  foramen,  and  passes 
forwards  and  outwards  towards  the  posterior  border  of  the  mandible,  and  near 
the  neck  of  the  condyle  divides  into  its  two  main  divisions — temporo-facial  and 
cervico-facial — and  these  give  off  numerous  communicating  branches  which  emerge 
from  the  gland  at  its  upper,  anterior,  and  lower  borders.  The  main  trunk  and 
its  various  subdivisions  in  their  course  through  the  gland  lie  near  its  deep  surface. 
Branches  of  the  great  auricular  nerve  pierce  the  gland,  while  the  auriculo-temporal 
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Fig.  25. — Horizontal  section  of  head  of  same  subject  as  shown  in  fig.  24.  but  16  mm.  lower,  viewed 
from  above.     Two-thirds  natural  size.      (J.  Symington.) 


nerve  ascends  beneath  its  upper  and  posterior  part.  The  glosso-pharyngeal  and 
vagus  nerves  are  not  in  actual  contact  with  the  gland,  and  the  accessory  nerve  only 
occasionally,  so  that  the  only  cerebral  nerve  in  close  relation  to  it  is  the  facial. 

The  following  are  recent  papers  on  the  shape  and  relations  of  the  salivary  glands : 
Parsons,  '  On  the  Form  of  Parotid  Gland,'  Jour.  Anat.  and  Phys.,  vol.  xlv.,  April  1911  ; 
Symington.  '  The  Topographical  Anatomy  of  the  Salivary  Glands,'  Ibid.,  vol.  xlvi.,  Jan.  1912  ; 
Jefferson  and  Piatt,  '  The  Parotid  Gland,'  Anat.  Anzeiger,  Bd.  xliii.,  April  1912. 

The  development  and  comparative  anatomy  of  the  salivary  glands  is  described  and 
well  illustrated  by  Carmalt,  Huntington  and  Schulte,  in  Contributions  to  the  Anatomy  and 
Development  of  the  Salivary  Glands  in  the  Mammalia,  Columbia  University  Press.  1913. 

The  capsule  of  the  parotid  is  continuous  with  the  fibrous  framework,  which 
traverses  the  gland  in  all  directions  and  unites  its  lobules  together.  This  capsule 
is  best  developed  on  the  subcutaneous  surface.  It  unites  the  gland  firmly  to  the 
mastoid  process  and  to  the  cartilage  of  the  external  auditory  meatus,  but  in  most 
other  situations  it  is  connected  with  adjacent  structures  by  loose  areolar  tissue,  so 
that  a  large  part  of  the  gland  can  be  readily  shelled  out  of  its  bed.  This  is  especially 
the  case  over  the  lower  part  of  the  gland — an  arrangment  which  must  facilitate 
the  movements  of  the  jaw. 

The  parotid  duct, named  also  Stensen's  duct, appears  at  the  anterior  border 
of  the  gland,  about  one  finger's  breadth  below  the  zygoma,  and  runs  forwards  over 
the  masseter  muscle,  accompanied  by  the  accessoria  parotis,  when  that  accessory 
portion  of  the  gland  exists,  and  receiving  its  ducts.  At  the  anterior  border  of 
the  masseter,  the  duct  turns  inwards  through  the  fat  of  the  cheek  and  pierces 
the  buccinator  muscle;    and  thru,  after  running  for  a  short  distance  obliquely 
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forwards  beneath  the  mucous  membrane,  opens  upon  the  inner  surface  of  the 

cheek  by  .1  small  orific i  a  papilla  opposite  the  crown  of  the  second  ruolar  tooth 

of  the  upper  jaw.      Its  direction  ai  ross  the  face  may  he  indicated  by  a  line  drawn 
from  tin-  lowei  margin  of  I  ha  of  the  ear  to  a  point  midway  between  the 

red  margin  oi  the  lip  and  bhe  ala  of  the  nose.    The  length  <>f  the  parotid  duct 
•  ni.  to  6  cm.,  and   its  diameter  about,  2   mm.  to  3  mm.     The  lumen  of  the 
duct  is  about  l  nun.  in  diameter,  except  where  il  pierces  the  mucous  membrane. 
contracts,  and  will  only  admit  a  hog's  bristle. 

The  mode  <'f  distribution  oi  the  parotid  duel  within  the  gland  has  been  investigated  by 
Jouoour  (' Considerations  anatomiques  sur  le  canal  parotidien,'  These  de  Bordeaux,  1898),  and 
Kennauner  c  Zur  Cenntnis  des  mikrosk.  Baues  der  Parotis,'  Arch.  1:1m.  Chir.,  Bd.  lis.).  From 
these  observations  it  appears  thai  the  main  duct  runs  backwards  for  some  distance  in  the  gland 
di\  uliiiLr  into  an  upper  and  a  lower  branch.  The  lower  branch  is  the  larger  of  the  two, 
ami  it  turns  downwards  to  the  lower  border  of  the  gland. 

Blood-vessels,  lymphatics,  and  nerves.  Arteries. — The  gland  is 
supplied  mainly  by  the  transverse  facial  branch  of  the  temporal  artery,  but  it 
also  gets  a  few  small  twigs  from  the  external  carotid  and  the  internal  maxillary 
arteries.  The  veins  terminate  in  the  temporal,  internal  maxillary,  and 
teiiiporo-maxillary  veins  as  these  traverse  the  gland.  The  lymphatics  join 
the  deeji  and.  superficial  glands  in  the  neck  and  there  are  often  one  or  more 
lymphatic  glands  embedded  in  the  substance  of  the  parotid. 

The  nerves  come  from  the  sympathetic  plexus  on  the  external  carotid  artery, 
and  also  from  the  facial,  the  auriculo-temporal,  and  great  auricular  nerves.  In 
the  dog  and  cat,  it  has  been  experimentally  shown  that  the  parotid  derives  its 
cerebro-spinal  nerve-supply  from  the  glossopharyngeal,  through  the  lesser 
superficial  petrosal  nerve  and  the  otic  ganglion,  the  fibres  finally  passing  to  the 
gland  by  a  branch  of  the  auriculo-temporal. 

Varieties. — An  instance  is  recorded  by  <  [ruber  of  a  remarkable  displacement  of  the  parotid 

ou  one  side  :    the  whole  gland  being  situated  on  the  masseter  muscle  as  if  it  were  an  enlarged 

— ory  parotid  [Virchoufa  Archie,   xxxii.).     Its  absence  has  also  been  recorded  by  Poirier 

{Bulletins  de  h  tociiU  mud.  dc  l'nr,.<,  1S88),  and  by  Becco  (Atti  ddla  Acad.   Med.  dc  Genova, 

Anno  li.,  1896). 

Clandula  submandibularis  (gl.  submaxillaris).— The  submandibular  gland, 

in  size  to  the  parotid,  is  situated  internal  to  and  below  the  posterior  part 

of  the  body  of  the  mandible.      Its  greatest  vertical  extent  is  about  4  cm.;    its 

mtero-posterior,  3  cm.  ;    and  it  measures  2  cm.  to  2'5  cm.  from  the  superficial 

Burface  inwards.     It  wi  ighs  about  8  grm.  to  10  grm. 

The  gland  hasasomewhal  Battened  oval  form  with  the  long  axis  nearly  vertical, 

and  us  surfaces  may  be  described  as  external  and  internal  (fig.  20).    The  external 

surface  is  convex,  and  its  upper  and  smaller  portion  lies  against  the  inner  surface 

of  the  internal  pterygoid  muscle,  and  in  front  of  this  against  the  jaw  just  above  its 

:    border.     The  lower  and  larger  portion  extends  downwards  into  the  neck, 

and  is  Bubcuti ous,  being  covered  merely  by  the  skin,  superficial  fascia,  platysma, 

deep  fascia,  and  the   facial  vein.     This  subcutaneous  surface  lies  below  the  jaw, 

opposite  the  insertion  of  the  masseter  muscle,  and  has  an  area  on  an  average  of 

about  •"'  cm.  by  2  cm.     It    reaches  backwards  to  the  sterno-mastoid,  and  above 

comes  into   relation  with  the  parotid  gland  behind  the  angle  of  the  jaw.     The 

surface  of  the  gland  lies  on  the  lateral  surface  of  the  posterior  bellv  of  the 

d  the  stylo-hyoid  muscles.    It  also  extends  above  these  muscles,  where 

!"•-  "I,  the  glossus  and  byo-glossus  muscles  and  t he  hypoglossal  nerve  ; 

while  below  them,   il    reaches   into  the  carotid  triangle  and  overlaps  the  great 

D  of  the  hvoid  hone,  the  In  pogh,       I  nerve,  and  the  lingual  artery. 
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The  external  maxillary  artery,  before  it  mounts  over  the  mandible,  lies  in  a 
deep  groove  upon  the  back  part  and  upper  border  of  the  gland,  while  the  vein,  as 
mentioned  above,  is  placed  on  the  superficial  surface  of  the  gland.  From  its  upper 
and  anterior  part,  two  thin  processes  of  the  gland  pass  forwards,  separated  by  a 
groove,  lodging  the  free  posterior  border  of  the  mylo-hyoid  muscle.  The  lateral 
process  extends  a  short  distance  on  the  mandibular  surface  of  the  mylo-hyoid 
muscle,  and  the  median  process  passes  forwards  on  the  lingual  surface  of  this 
muscle,  having  the  submandibular  duct  and  the  lingual  nerve  above  it,  and  ends  at 
the  posterior  extremity  of  the  sublingual  gland. 

The  duct  of  the  submandibular  gland,  or  Wharton's  duct  (figs.  16  and 
26),  which  is  about  4  cm.  to  5  cm.  long,  with  a  diameter  of  2  mm.  to  3  mm.,  is  thin 
walled  as  compared  with  the  parotid  duct.  It  leaves  the  main  portions  of  the  gland 
above  the  internal  process  just  described, 
and  runs  forwards  between  the  mylo-hyoid 
and  hyo-glossus  muscles,  and  then  along  the 
floor  of  the  mouth,  having  the  genio-glossus 
and  inferior  lingualis  internal  to  it  and  lying 
first  upon,  then  to  the  inner  side,  and  lastly 
again  above  the  sublingual  gland  to  reach 
the  side  of  the  frenulum  lingua?.  Here  it 
terminates,  close  to  the  duct  of  the  opposite 
side,  by  a  narrow  orifice,  which  opens  at 
the  summit  of  a  soft  papilla  (fig.  5)  seen 
beneath  the  tongue.  Near  its  commence- 
ment, the  lingual  nerve  passes  downwards 
and  forwards,  external  to  it,  and  then  inclines 
inwards  below  it,  and  at  the  anterior  border 
of  the  hyo-glossus  muscle  it  lies  close  to 
the  hypoglossal  nerve  and  lingual  artery. 

The  ducts  radiate  in  various  directions  from 
thehilurn,  and  J.  M.  Flint  ('The  Ducts  of  the 
Human  Submaxillary  Gland,'  Amer.  Jour,  of 
Anatomy,  vol.  i.)  gives  the  following  as  an  approxi- 
mate estimate  of  the  branchings  of  the  duct : 
'  The  ductus  submaxillaris  divides  into  three 
primary  ducts,  which  divide  into  eighteen  inter- 
lobular ducts,  which  divide  into  ninety-six  sub- 
lobular  ducts,  which  divide  into  one  thousand  five 
hundred  lobular  ducts.'  This  gives  one  thousand 
five  hundred  lobules  in  the  entire  gland. 


Fig.  26. — View  of  the  right  submandibular 
and  sublingual  glands  from  the 
median  aspect.     (Allen  Thomson.) 

Part  of  the  right  side  of  the  jaw,  divided 
from  the  left  at  the  symphysis,  remains ;  the 
tongue  and  its  muscles  have  been  removed  ; 
and  the  mucous  membrane  of  the  right  side  has 
been  dissected  off  and  hooked  upwards  so  as  to 
expose  the  sublingual  glands  ;  s  m,  the  larger 
superficial  part  of  the  submandibular  gland;  /, 
the  external  maxillary  artery  passing  through 
it;  ,s  m  ,  deep  portion  prolonged  on  the  inner  side 
of  the.  mylo-hyoid  muscle.  mh;sl  is  placed  below 
the  anterior  large  part  of  the  sublingual  gland, 
with  the  duct  of  Bartholin  partly  shown ;  *  V, 
placed  above  the  hinder  small  end  of  the 
gland,  indicates  one  or  two  of  the  ducts  per- 
forating the  mucous  membrane  ;  d,  the  papilla, 
at  which  the  submandibular  duct  opens  in  front 
behind  the  incisor  teeth ;  d' ,  the  commencement 
of  the  duct ;  h,  the  hyoid  bone  ;  n,  the  lingual 
nerve  ;   close  to  it  is  the  submaxillary  ganglion. 


Blood-vessels,  lymphatics,  and  nerves. — The  arteries  to  the  sub- 
mandibular gland  come  from  the  external  maxillary  and  sometimes  also  from 
its  submental  branch,  while  the  blood  is  returned  into  the  facial  vein.  The 
blood-vessels  do  not  enter  the  gland  along  with  the  duct,  but  they  soon 
join  it,  and  then  follow  closely  the  duct  in  its  distribution  through  the 
substance  of  the  gland. 

Lymphatics. — The  submandibular  gland  resembles  the  parotid  in  having 
some  lymph  nodules  embedded  in  its  substance.  The  lymphatic  vessels  pass 
chiefly  to  the  lymphatic  glands  lying  along  the  lower  border  of  the  mandible. 

Nerves. — The  chorda  tympani  branch  of  the  facial  nerve,  and  the  sym- 
pathetic fibres  from  the  plexus  on  the  external  maxillary  artery,  reach  the  gland 
through  the  submaxillary  ganglion. 
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Varieties. — Gruber  [Virehouft  Arehiv,   lid.  cii.)  has  recorded  a  case  of  complete  absence 
I  both  submandibular  glands.     Turner  (Jour.  Anal,  and  l'hyx.  vol.  iv..  1870)  described  a  case 
nrhere  both  submandibular  glands  wt  re  smaller  than  normal  and  situated  entirely  on  the  upper 
(ir  lingua]  aspe<  t  of  tin-  mylo-hyoid  muscle. 

Glandula  sublingualis.  The  sublingual  uland  (figs.  16,  17,  18,  19,  and  26), 
the  smallest  .if  the  salivary  glands,  is  of  a  narrow  oblong  shape,  and  weighs 
scarcely  1  grm.  It  is  Bituated  in  the  floor  of  the  mouth,  where  it  forms  a  ridge 
between  the  tongue  ami  the  gnmfi  of  the  Lower  jaw,  covered  only  by  the  mucous 
membrane.  It  extends  from  the  frenulum  linguae  in  front,  where  it  is  in  contact 
with  the  gland  of  the  opposite  side,  obliquely  backwards  and  outwards,  for  rather 
more  than  1  cm. 

In  about  the  anterior  two-thirds  of  its  extent,  it  lies  in  close  relation  with  the 
inner  surface  of  the  lower  jaw  above  the  mylo-hyoid  ridge,  and  has  the  mylo- 
hyoid muscle  below  it;  but  posteriorly,  this  muscle  separates  it  from  the  bone 
(see  t i lt < .  IT.  is.  and  19).  The  genio-hyoid  and  genio-glossus  lie  to  its  inner  side. 
The  lingual  and  hypoglossal  nerves  and  Wharton's  duct  lie  above  it  posteriorly, 
bul  tiny  gradually  pass  to  its  inner  side. 

The  lobules  of  the  sublingual  gland  are  not  so  closely  united  together  as  those 
.d  the  other  salivary  glands,  and  the  ducts  from  many  of  them  open  separately 
into  the  mouth,  along  the  ridge  which  indicates  the  position  of  the  gland.  These 
dints,  Darned  ductus  subline  uales  minores  (Ducts  of  Rivinus),  are  from  eight 
to  twenty  in  number.  Some  of  them  are  said  to  open  into  the  duct  of  Wharton, 
but  this  is  denied  by  Birmingham. 

One,  longer  than  the  rest — ductus  sublingualis  major  or  duct  of  Bartholin 
(which  is  occasionally  derived  in  part  also  from  the  submandibular  gland) — 
runs  forwards  beside  the  Whartonian  duct,  and  opens  either  with  it  or  very 
near  it.  but  it  is  inconstant  in  its  occurrence  (Chievitz,  Suzanne). 

1 1 It i-  ('The Development  of  the  Human  Salivary  Glands.'  in  lOntributionstothe  Anatomy 
and  Development  of  the  Salivary  Glands  in  tin  Mammalia,  Columbia  University  Press.  1913) 
Bribes  the  sublingual  gland  as  the  sublingual  mass,  which  is  made  up  of  a  number 
o\  diatincl  components:  namely,  the  lesser  sublingual  (Bivinian)  glands,  the  greater 
sublingual  (Bartholinian)  gland,  and  the  supra-mylohyoid  lobules  ,,f  ill(.  submandibular 
gland.     (H   these,   tie-   lesser  sublingual   glands  alone  are  constant. 

Blood-vessels,  lymphatics,  and  nerves. — The  blood-vessels  of  this 
gland  are  supplied  by  the  sublingual  and  submental  arteries  and  veins.  The 
lymphatic  vessels  join  the  lateral  group  from  the  tongue.  The  nerves  are 
numerous,  and  are  derived  from  the  lingual  branch  of  the  fifth,  the  chorda 
tympani,  and  the  sympathetic. 

DENTES. 
In  tin-  human  subject,  as  in  the  great  majority  of  mammals,  the  dentition  is 
diphyodont  that  is,  two  sets  of  teeth  make  their  appearance  in  the  course  of  life, 
of  which  the  first  comprises  the  temporary  or  milk-teeth  (dentes  decidui) ;  while 
the  second  is  tin-  permanent  set  (dentes  permanentes).  The  temporary  teeth  are 
twenty  m  number  ten  m  each  jaw— and  the  permanent  set  consists  of  thirty-two 
sixteen  above  and  sixteen  below. 

The  human  dentition  is  also  heterodont  ;    the  teeth,  instead  of  all  having  the 

•  Eonn  (homodont  condition),  differ  considerably  in  their  size,  shape,  and  function. 

The  twenty  deciduate  teeth  consist  of  four  incisors,  two  canines,  and  four  multi- 

or  molars,  above  and  below.     The  thirty-two  permanent  teeth  are  four 

incisors,  two  canines,  four  premolars  or  bicuspids,  and  six  molars,  in  each  jaw.    There 

are  no  premolars  among  the  temporary  teeth  ;  tl ighl  deciduous  molars  preceding 

eight   premolars  of  the   permanent  set.     The  relative  position  and  arrangement 
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of  the  different  kinds  of  teeth  may  be  expressed  by  the  following  formulae,  which 
also  exhibit  the  relation  between  the  two  sets  in  these  respects  : — 


Deciduate    teeth 


Permanent  teeth 


MO.  CA.  IN.      IN.  CA.  MO. 

(Upper 
\  Lower 

2     12        2     12 
2     12        2     12 

MO.  PM.  CA.  IN.    IN.  CA.  PM.  MO. 

10 
10 

(Upper 
(Lower 

3      2     12       2     12     3     = 
3      2     12       2     12     3    = 

16 
16 

Or  they  may  be  written  more  simply  thus  : — 

[2 
Deciduate  teeth 


1 


=  20 


=  32 


1  .  2 


Permanent  teeth 


2.1.2.3 
2.1.2.3 


The  three  permanent  molars  are  by  some  regarded  as  deciduate  teeth  without 
calcified  vertical  successors. 

The  curve  occupied  by  the  teeth  of  the  upper  jaw  is  elliptical,  and  of  the  lower 
parabolic.  It  is  not  broken  by  any  interval  or  diastema,  as  is  the  case  in  most 
mammals ;  indeed,  the  crowns  of 
nearly  all  the  teeth  possess  facets 
near  the  masticatory  surface  due  to 
the  contact  of  adjacent  teeth,  but 
towards  the  gums  the  crowns  diverge 
somewhat  from  one  another  so  as  to 
leave  small  spaces  between  them  (see 
fig.  29).  The  span  of  the  upper 
dental  arch  (arcus  dentalis  superior) 
is  rather  larger  than  that  of  the 
lower  one  (arcus  dentalis  inferior) ,  so 
that  the  teeth  of  the  upper  jaw 
slightly  overlap  those  of  the  lower, 
both  in  front  and  at  the  sides. 
While  there  is  a  slight  diminution  in 
the  height  of  the  crowns  of  the  teeth 
from  the  incisors  backwards  to  the 
wisdom-teeth,    there   is  in  man  no 

abrupt  change  of  level  along  the  range.  In  consequence  of  the  large  proportionate 
breadth  of  the  upper  median  incisors,  the  other  teeth  of  the  upper  jaw  are 
thrown  somewhat  outwards,  so  that  in  closure  of  the  jaws  the  canines  and 
premolars  come  into  contact  partly  with  the  corresponding  lower  teeth,  and 
partly  with  those  next  following  ;  and  in  the  case  of  the  molars,  each  cusp 
of  the  upper  lies  behind  the  corresponding  cusp  of  the  lower  teeth.  Since, 
however,  the  upper  molars — and  especially  the  wisdom-teeth — are  smaller  than 
those  below,  the  dental  arches  terminate  behind  nearly  at  the  same  point  in 
both  jaws  (see  figs.  29  and  31). 

In  Europeans,  the  upper  incisors  project  in  front  of  the  lower  incisors ;  but  it  has  been  shown 
by  Turner '  that  in  some,  at  least,  of  the  Australian  aborigines  this  is  not  the  case  the  cutting- 
edges  of  the  lower  incisors  projecting  as  far  forwards  as  those  of  the  upper. 

1  'The  Relations  of  the  Dentary  Arcades  in  the  Crania  of  Australian  Aborigines.'  Jour.  Anal,  and  Phys.. 
vol.  xxv.,  July  1891. 


Fig.  27. — Lower    aspect    of   superior  dental  arch 
and  hard  palate.     (Miihlreiter.) 
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It  i-  weD  known  thai  the  I  *th  of  oertain  raoea  are  larger  in  relation  to  the  general  stature 
,.f  the  individual  than  in  othi  re.  I  lowi  re  '  investdgated  this  question— so  far  as  the  premolars 
udi  d.     B   constructed  a  dental  index  by  comparing  the  distanoe  between 

n  molar  and  the  posterior  surface  of  the  wisdom-tooth  with  the 
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■1-.-    llTEB   ASPECT   OF   LOWER   DENTAL   ARCH   AND    BODY   OF   L0W1K    .TAW.       ( MiilllrciteT.) 

length  of  the  skull,  and  divided  the  various  races  according  to  their  dental  index  into 

/.  and    megadont.     The    microdont   section   contains   the    white   races,    the 

mesodonl  the  Mongolian   or  yellow  races,  and  the  megadont  the  black  races,  including  the 

Australian-. 

Iii  consequence  of  the  curve  of  the  dental  arch,  such  terras  as  anterior,  posterior, 
internal,  and  external,  when  used  in  the  description  of  the  surfaces  of  the  teeth, 
are  liable  to  lead  to  confusion  ;  to  obviate  which,  special  names  must  be  employed. 

The  surface  of  a  tooth  directed 
towards  the  lips  or  cheek  is  there- 
fore called  labial  or  buccal,  and 
that  towards  the  tongue  the  lingual 
or  palatine  ;  while  the  terms  proxi- 
mal and  distal  are  used  to  represent 
the  surfaces  that  would  look  towards 
and  away  from  the  median  plane 
were  the  teeth  arranged  in  a  straight 
line  passing  outwards  from  the 
median  Lncisor.s 

GENERAL    FORM    AND    STRUCTURE. 

A  tooth  consists  of  three  por- 
tions—  namely  :  one  which  projects 
above  the  gums  and  is  named  the 
body  or  crown  ;  another  fixed  in  the 
alveolus  or  socket — the  root — con- 
sistii  ang  or  fangs ;   and  a  third,  intermediate  between  the  other  two,  and, 

bom  being  more  or  less  constricted,  named  the  neck.    The  size  and  form  of  each 

i-   i  Character  of  Race,'  Journal  of  the  Anthropological  Institute,  vol.  xiv., 

-'  In  ti  Vomina  ah*  iperficial   aspect  of  the  incisors  and  canines  is  called  labial, 

premolars  and  molars  buccal,  and  the  proximal  and  distal  surfaces  of  the  incisors  and 
lateral  ;    while  far  the  corresponds  i     of  the  premolars  and  molars  the  terms 

•   ployed. 
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of  these  parts  vary  in  the  different  kinds  of  teeth.     The  crowns  of  all  the  teeth 
present  five  surfaces — namely:   masticatory,  labial  or  buccal,  lingual  or  palatine, 

proximal,  and  distal.  In  the 
incisors,  the  masticatory  surface 
is  represented  by  a  cutting  edge; 
in  the  canines  it  is  more  or  less 
pointed  ;  and  in  the  premolars 
and  molars  quadrilateral. 

The  roots  of  the  teeth  may  be 
single,  or  divided  into  two  or  three 
fangs.  They  are  accurately  fitted 
to  the  alveoli  of  the  jaws,  in  which 


Fro.  30.— Lingual   aspect   of   the   left  half   of  the 
two  dental  akches.     (Zuekerkandl.) 


they  are  implanted.  Each  alveolus 
is  lined  by  periosteum  (alveolar  periosteum,  fig.  32),  which  also  invests  the 
contained  tooth  as  high  as  the  neck,  and  is  blended  above  with  the  dense  tissue 


Fig.  31. — A  skiagram  of  the  jaws  and  teeth  of  the  right  half  of  an  adult  male  skull. 

(Symington  and  Rankin.) 

The  specimen  was  placed  in  relation  to  the  X-rays  so  as  to  appear  as  if  viewed  from  the  right  side  and 
somewhat  from  the  front.  The  floor  of  the  maxillary  antrum  is  indicated  by  a  whitish  line  lying  close  to  the 
apices  of  the  fangs  of  the  molars  and  ascending  in  front  a  short  distance  from  the  second  premolar. 

of  the  gums.  The  fangs  of  all  the  teeth  taper  from  the  neck  to  the  point,  and  this 
form,  together  with  their  accurate  adjustment  to  the  alveolus,  has  the  effect  of 
distributing  the  pressure  during  use  over  the  whole  socket,  and  of  preventing  it 
from  unduly  bearing  on  the  point  of  the  fang,  through  which  the  blood-vessels 
and  nerves  enter. 
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The  hard  calcified  portion  of  a  tooth  is  composed  mainly  of  a  material  termed 
dentine  :  this  is  covered  on  the  crown  by  a  layer  of  enamel,  and  in  the  roots  by 
oementum  ororusta  petrosa.  The  dentin.-  surrounds  a  space  in  the  interior  of  the 
tooth  known  as  the  pulp  cavity.  This  contains  blood-vessels,  nerves,  and  connec- 
tive tissue,  and  is  lined  by  cells  termed  odontoblasts.  The  histology  and  chemical 
composition  of  the  various  parts  of  a  tooth  are  given  in  Parti,  of  this  volume. 

Th.-  pulp  cavity  [cavum  <l<>,h's)  varies  in  shape  according  to  age  and  to  the  form 
,,f  the  -  rown  and  the  ruimbei  of  fangs.     It  is  larger  in  young  growing  teeth  than 
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32.  —  Vkrticai.   3EOTIOK   in    rr.i.MOLAR  OF  cat.       ( Waliloyer.) 
The  tooth  is  shown  embedded  in  its  alveolus,    c,  pulp  cavity. 

m  fully  developed  ones.  In  teeth  where  the  crown  has  more  than  one  cusp,  the 
pulp  cavity  has  an  extension  corresponding  to  each  cusp,  and  it  also  passes  down 
the  root,  or  each  fang,  to  end  at  its  apex  in  a  small  aperture  through  which  the 
I'l I  and  nerves  enter  the  pulp  cavity. 


SPECIAL    CHARACTERS    OF   THE    TEETH. 


The  Permanent  Teeth. — The  incisors  (fig.  35),' eight  in  number,  are  the  four 
front  te.th  iii  each  jaw,  and  are  so  named  from  being  adapted  for  cutting  or  dividing 
the  food.     Tien  are  chisel-shaped  (c),  and  have  a  sharp  horizontal  cutting 
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edge,  which  by  continued  use  is  bevelled  off  behind  in  the  upper  teeth,  but  in  the 
lower  is  worn  down  in  front,  where  it  conies  into  contact  with  the  over-lapping 
edges  of  the  upper  teeth.  Before  being  subjected  to  wear,  the  horizontal  edge  of 
each  incisor  is  marked  by  three  small  prominent  points,  separated  by  two  slight 


Fig.  33. — Longitudinal  section  of  a  molar  tooth.     Magnified  eight  diameters.     (Sobotta.) 
p,  pulp  cavity  ;   d,  deutine  ;   c,  cement ;   e,  enamel. 

notches  (fig.  35,  d).  The  labial  surface  of  the  crown  is  slightly  convex,  both  from 
above  downwards,  and  from  side  to  side.  The  lingual  surface  is  concave,  especially 
from  above  downwards.  The  median  and  lateral  surfaces  are  triangular  with 
the  base  at  the  gum,  and  the  apex  towards  the  cutting-edge.  The  enamel  is 
prolonged  towards  the  base  of  the  crown  on  both  the  lingual  and  labial  surfaces, 
so  that  its  termination  is  indicated  by  a  curved  line  with  its  convexity  towards 
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the  gum  :  while  on  the  median  and  lateral  surfaces  the  line  is  concave.  The  root 
is  long,  Bingle,  conical,  and  compressed  at  the  Bides,  wheje  it  sometimes— though 
rarely  presents  a  slighl  longitudinal  furrow  (as  in  fig.  35,  c).  The  lower  iucisor 
teeth  are  placed  vertically  in  the  jaw,  bu1  the  corresponding  tipper  teeth  are 
ted  obliquely  forwards.    The  pulp  cavity  terminates  towards  the  cutting-edge 


'.'.  '         '■■■■    - 


I  i  human  canine  tooth,  ACEOS9  the  root.    Magnified twenty-five  diameters.    (Sobotta.) 

p,  pulp  cavity  j   i,  dentine;  gr,  its  granular  layer ;  e,  cement. 

of  the  crown  in  slighl  proximal  and  distal  cornua;  in  the  neck  and  root  it  is 
cylindrical,  but  at  the  apex  of  the  root  it  is  constricted. 

The  upper  median  incisor  is  the  largest  of  all  the  incisor  teeth,  and  the  median 
.mule  of  its  cutting-edge  is  rather  more  acute  than  the  lateral  angle.  Its  lingual 
surf..  rally  possesses  two  slighl  ridges,  which  meet  above,  near  the  gum,  to 

form  .1  small  tubercle,  and  enclose  a  triangular  depression  (see  fig.  36,  c).  Sometimes 
the  tubercle  projects  downwards  to  form  a  lingual  cup  (see  fig.  36,  a),  and  in 
other  cases  a  fainl  al  elevation   divides  the  lingual  depression  into  two 

(see  fig.  36,  b). 

The  upper  lateral  incisor  is  small*  r  in  every  direction  than  the  median;  the 
lower  distal  of   the  crown   is   more   rounded,  and  the   depression  on  the 


PERMANENT  TEETH 


31 


lingual  surface  just  below  the  tubercle  is  generally  more   marked  than  in  the 

median  incisor. 

The  lower  median  incisor  is  the  smallest  of  all  the  incisors,  and  its  cutting-edge 

is  only  about  half  the  breadth  of  that  of  the  corresponding  upper  tooth.     The  root 

is  markedly  compressed  from  side  to 
side.  The  depression  usually  present 
on  the  lingual  surface  of  the  upper 
incisors  is  absent,  but  the  tubercle 
may  be  fairly  well  marked. 

The  lower  lateral  incisor  is  larger 
than  the  lower  median,  and  its  long, 
markedly  compressed  root  often  has 
a  vertical  groove  on  its  median  and 
lateral  surfaces.  The  lateral  angle  is 
rounded  off,  though  not  so  markedly 
as  in  the  upper  lateral  incisor. 


Fig  35. — Incisor  teeth  of  the  upper 
and  lower  jaws. 

n,  front  view  of  the  upper  and  lower 
median  incisors ;  b,  front  view  of  the 
upper  and  lower  lateral  incisors;  c,  lateral 
view  of  the  upper  and  lower  median  in- 
cisors, showing  the  chisel  shape  of  the 
crown  ;  a  groove  is  seen  marking  slightly 
the  root  of  the  lower  tooth ;  d,  the  upper 
and  lower  median  incisor  teeth  before 
they  have  been  worn,  showing  the  three 
points  on  the  cutting-edge. 


Fig.  36. — a,  h,  c.  lingual  sur- 
face OF  UPPER  INCISOR 
TEETH,  SHOWING  VARIA- 
TIONS IN  FORM  ;  IN  a  THE 
CINGULUM  IS  WELL  MARKED. 

(Zuckerkandl.) 


The  canine  teeth  (fig.  37),  four  in  number,  are  placed  one  on  each  side,  above 
and  below,  next  to  the  lateral  incisors.  They  are  larger  and  stronger  than  the 
incisor  teeth,  and  are  the  longest  of  all  the  teeth.  The  crown 
is  thick  and  conical,  its  labial  surface  decidedly  convex,  and 
the  lingual  less  so.  It  may  be  compared  to  that  of  a  large 
incisor  tooth,  the  angles  of  which  have  been  removed,  so  as 
to  leave  a  single  central  point  or  cusp,  whence  the  name 
cuspidate  applied  to  these  teeth.  The  point  always  becomes 
worn  down  by  use.  The  distal  side  of  the  crown  is  convex 
and  longer  than  the  proximal,  by  which  character  the  side  to 
which  a  canine  tooth  belongs  may  be  determined.  The  root 
of  the  canine  teeth  is  single,  conical,  and  compressed  at  the 
sides  :  it  is  longer  than  the  root  of  any  of  the  other  teeth, 
and  is  so  thick  as  to  cause  a  prominence  of  the  alveolar 
arch.  The  pulp  cavity  extends  towards  the  apex  of  the 
crown  as  a  single  process,  and  it  passes  into  the  neck  without 
any  marked  constriction. 

The  upper  canines — popularly    called    the    eye-teeth — are 
larger  than  the  lower,  and  in  consequence  of  this,  as  well  as 
of  the   greater  width   of  the  upper  range   of  incisors,    they   are  thrown  a   little 
farther  outwards   than  the   lower  ones.     On   their  lingual  surface,  a  well-marked 
ridge  passes  from  the  apex  of  the  cusp  to  a  distinct  basal  tubercle.     The  root  is 


Fig.  37.   Canin  e  tooth 

OF  THE  UPrER  .JAW  . 

a,  front  view,  b,  lateral 
view,  showing  the  long 
fang   grooved    on 
side. 


the 
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compressed  proximo-distally,  and  its  flattened  surfaces  are  grooved  longitudinally, 
but  only  very  rarely  is  it  completely  divided. 

The  lower  canine  has  neither  a  lingual  ridge  nor  a  tubercle,  and  the  enamel 

extends  farther  down  OQ  the  labial  than  the  lingual  surface.     The  root  is  often 
im. re  . .r  Less  bifid,  and  Bomel  imes  it  has  t  wo  distinct  fangs. 

Iii  the  .  and  iii  the  oamivora  generally,  these  teeth  acquire  a  great  size,  and  are 

!itt«-d  for  seizing  and  balling  prey,  and  for  gnawing  and  tearing  it  when  taken  as  food. 

The   premolars  (fig.  38),  also  called  bicuspids,  are  four  in  each  jaw  ;   they  are 
shorter   and    smaller  than  the  canines — next  to   which   they  are  placed.     The 

crown  is  compressed  proximo-distally,  and  both  its  buccal 
and  lingual  surfaces  are  convex.  The  grinding-surface 
shows  two  cusps — a  large  buccal  and  a  smaller  lingual — 
separated  by  a  deep  fissure.  The  root  is  compressed 
in  the  same  direction  as  the  crown,  and  is  grooved  on 
its  proximal  and  distal  surfaces  so  as  to  show  a  tendency 
to  be  divided  into  a  buccal  and  a  lingual  portion. 
The  pulp  cavity  has  two  cornua  in  the  crown — the  size  of 
these  cornua  varies  according  to  the  degree  of  prominence 
of  the  cusps  ;  and  in  the  root  the  cavity  may  exhibit  traces 
of  division  even  though  the  root  is  single.  Where  more 
than  one  fang  is  present,  the  pulp  cavity  sends  a  canal 
to  the  apex  of  each. 

The  upper  premolars  are  larger  than  the   lower,  their 

lingual    cusps    are    well    developed,    and    the    differences 

between  the  first  and  second  are  slight.     The  buccal  surface 

of  the  crown  of  the  first  upper  premolar  has  a  vertical  ridge 

passing  from  its   apex   upwards   towards   the   neck;    this 

ridge  is  bounded  by  two  lateral  depressions  (see  a,  fig.  38). 

The  lingual  surface  of  the  crown  is  smaller  and  more  convex 

both  longitudinally  and  transversely  than  the  buccal  aspect. 

The  root  may  be  single ;  more  usually  it  is  divided  into 

two — a    buccal   and    a    lingual;     and    sometimes    three — two    buccal    and   one 

lingual.     In  the  second  upper  premolar,  the  buccal  and  lingual  surfaces  are  nearly 

equal,  ami  the  buccal  ridge  is  indistinct,  while  the  root  is  more  frequently  single 

n  in  the  first  premolar. 

The  lower  premolars  are  smaller  than  the  upper  ones,  their  cusps  are  less  deeply 
divided,  and  the  lingual  surface  is  much  less  convex  than  the  buccal.  In  the 
upper  premolars  the  two  cusps  are  separated  by  a  deep  fissure,  while  in  the  lower 
they  are  united  by  a  low  ridge.  The  lower  premolars  have  generally  single  roots, 
hut  occasionally  the  root,  is  divided  into  a  buccal  and  a  lingual  fang.  The  first  lower 
premolar  has  sometimes  only  one  cusp  distinctly  marked — namely,  the  buccal — 
and  in  thai  i  ase  il  approaches  in  figure  to  a  canine  tooth.  The  second  premolar 
is  larger  than  the  first,  and  its  lingual  cusp  is  nearly  as  prominent  as  the  buccal 
one,  whereas  in  the  first  premolar  the  lingual  cusp  is  much  smaller. 

M.    De  Terra  ('  Beitriige  zu  einer  Odontographie  des  Menschenrassen,'  Berlinische  Verlags- 
'    '.    1905    b  '     ■!'   Bribed  a   case   where   both    the  first  and  second  upper  premolars  had 
three  fan 

The  molar  teeth  (fig.  39),  true  or  large  molars, or  grinders, are  twelve  in  number, 
and  are  arranged  behind  the  premolar  teeth — three  on  each  side,  above  and  below. 
They  arc  distinguished  by  the  large  size  of  the  crown,  and  by  the  great  width  of 

L'rmding-surface.  In  size  and  general  form  the  molars  differ  from  the  pre- 
molars in  a  more  marked  degree  than  the  other  teeth  from  one  another  ;  indeed,  the 
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adjacent  incisors,  canines,  and  premolars  may  by  slight  modifications  be  almost 
indistinguishable. 

The  first  molar  is  the  largest,  and  the  third  is  the  smallest  in  each  row, 
producing  a  gradation  of  size  in  these  teeth.  The  last  of  the  row,  owing  to 
its  late  appearance  through  the  gum,  is  called  the  wisdom-tooth.  The  crowns  of 
the  molar  teeth  are  low  and  cuboid  in  their  general  form.  Their  buccal  and  lingual 
surfaces  are  convex,  but  the  proximal  and  distal  surfaces  are  flattened.  The 
grinding-surface  is  nearly  square  in  the  lower  teeth,  and  rhomboidal  in  the  upper, 
the  corners  being  rounded  oft ;  it  bears  four  or  five  tubercles  or  cusps  (whence 
the  name  multicuspidate),  separated  from  each  other  by  a  crucial  depression. 

The  crown  of  the  first  upper  molar  bears  four  cusps,  situated  at  the  angles  of 
the  masticating  surface  ;  of  these,  the  proximo-lingual  is  the  largest,  and  is  usually 
connected  with  the  bucco-distal  cusp  by  a  thick  oblique  ridge.     This  tooth  has 


Fig.  39. — First  molar 
tooth  of  the  upper 
and  lower  jaws. 

They      are       viewed 
from  the  buccal  aspect. 


FiG.     40. — Grinding-surface     of    the 
upper  molars.     (Zuckerkandl. ) 

A,  on  right  side  ;  the  first  molar  has 
four  cusps,  and  the  second  and  third  three 
each. 

B,  another  set  from  the  left  side,  with 
the  same  number  of  cusps  as  in  A,  except 
that  a  small  additional  cusp  is  seen  on 
the  lingual  side  of  the  proximo-lingual 
cusp  of  the  first,  molar.  The  third  molar 
is  laraer  than  the  second. 


Fig.  41. —  Grinding 
surface  of  the 
lower  molars  on 
left  side. 

(Zuckerkandl.) 

In  this  series  the 
first  molar  has  five 
cusps,  the  second  four, 
and  the  third  four ; 
and  the  teeth  diminish 
in  size  from  the  first 
to  the  third. 


occasionally  a  fifth  cusp  situated  on  the  lingual  side  of  the  proximo-lingual  cusp  ; 
this  additional  cusp  is  small,  and  rarely,  if  ever,  reaches  the  grinding-surface.  The 
second  upper  molar  is  generally  described  as  having  four  cusps ;  but,  according  to 
Zuckerkandl 1  and  Rose,2  there  are  often  only  three.  Zuckerkandl  found  four  cusps 
in  45-6  per  cent,  of  Europeans,  the  cusps  being  reduced  to  three  in  54*4  per  cent.  ; 
while  in  the  lower  races,  four  cusps  were  found  in  73-5  per  cent.  Rose's  results 
agree  essentially  with  those  of  Zuckerkandl.  In  the  upper  wisdom-tooth  the  two 
lingual  cusps  are  usually  blended.  The  crowns  of  the  lower  molars,  which  are 
larger  than  those  of  the  upper,  have  five  cusps,  the  additional  one  being  placed 
between  the  two  distal  ones,  and  rather  to  the  buccal  side.  Not  infrequently  the 
second  molar  has  only  four  cusps,  but  this  reduction  in  the  number  of  cusps  rarely 
affects  the  first  and  third  molars.  The  third  molar  is  usually  as  large  as  and  some- 
times even  larger  than  the  second,  and  occasionally  its  cusps  may  be  increased  to 
six  or  seven.  The  roots  of  the  molar  teeth  are  multiple.  In  the  first  and 
second  molars  of  the  upper  jaw,  the  fangs  are  three  in  number— namely,  two  buccal 
and  one  lingual ;  the  buccal  fangs  are  short,  divergent,  and  directed  towards  t  he 
antrum  of  the  maxilla,  while  the  lingual  fang  is  larger  and  longer  and  directed 

1  Anatomie  der  Mundhohle,  1891. 

2  '  Ueber    die    Entstehung    und    Formabiinderungen    der    menschlicheu    Molaren,     Anat.    Anzeiger, 
Bd.  vii.,  1892. 
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■.     us  distal  border  extending  as  tar  back  as  the  bucco-distal 

d  molars  of  the  lower  jaw  have  ea<  h  two  broad  compressed 

nial  and  the  other  distal ;   they  are  grooved  on  the  faces  thai  are 


|  Miik    huh    01     nil.    BIOHT   SIDE  OF   Till'.   I'PPER  AND   LOWED   JAWS. 

a,  the  inoisors;  '•.  the  canines;  r,  the  molar  teeth. 

turned  towards  each  other  as  it  each  consisted  of  two  fangs  fused  together.     In 
the  wisdom-teeth  of  both  jaws  there  is  a  marked  tendency  to  the  fusion  of  all  the 


•  ■  V   CHILD    V.I  H  TWO    VEABS,    ->M\\|S(;    Till:    DECIDUOUS    TEETH    ERUPTED, 

r     MOLARS     IN     Till  II  IfPTS,     IMP    :■.     THE     RECESS    AT    THE    HASH    OF   THE 

H  "i   tiii.  BBOOBD  PERMANENT  molar.     Natural  size.    (J.Symington.) 

dar  conical   mass;     Taylor1  found  this  to  occur  in 
cent,  of  lower  wisdom  teel  b. 

I     i     Inafc  and  Phys.,  vol.  xzxiii.,  January  1899. 
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The  pulp  cavity  in  the  molar  teeth  is  large  at  the  neck  ;  it  ends  in  the  crown  in 
small  diverticula  corresponding  in  number  to  the  cusps,  and  passes  to  the  apex 
of  each  fang  where  it  ends  as  the  foramen  apices  dentis. 

The  Deciduous  Teeth  (fig.  42). — The  deciduous,  temporary,  or  milk-teeth  are 
distinguished  from  the  permanent  by  the  marked  bulging  of  the  crown  close  to 
the  neck,  so  that  the  latter  shows  a  well-marked  constriction.     The  deciduous 
incisors  and  canine  teeth  resemble 
those    of   the    permanent    set    in 
their  general  form,    but    they  are 
of    smaller    dimensions,    and    all 
their   characteristic    markings  are 
much     less     decided  —  especially 
those  in  the  canines. 

The  temporary  molars  are 
larger  than  the  premolars  which 
succeed  them.  The  hinder  of 
the  two  is  much  the  larger, 
being,  indeed,  the  largest  of  all 
the  milk-teeth.  The  first  upper 
milk-molar  has  only  three  cusps — 
two  buccal  and  one  lingual ;  the 
second  has  four.  The  first  lower 
temporary  molar  has  four  cusps, 
and  the  second  five,  of  which  in 
the  latter  case  three  are  buccal. 
The  buccal  surface  of  the  lower 
molars  slopes  decidedly  inwards 
as  it  passes  upwards,  so  that  the 
masticatory  surface  is  reduced  in 
size.  The  fangs  of  the  deciduous 
molars  resemble  those  of  the  per- 
manent set,  but  they  are  smaller  and  are  more  divergent  from  the  neck  of 
the  tooth,  and  the  crowns  of  the  temporary  molars  have  their  cusps  more 
distinct. 

Teeth  of  prehistoric  man. — The  numerous  remains  of  palseolithic  man 
which  have  been  discovered  in  recent  years  frequently  include  some ,  teeth,  the 


Fig.  44. — The  dental  sacs  exposed  in  the    jaw   of  a 
child  at  birth.     (Sharpey.) 

a,  the  left  half  seen  from  the  inner  side  ;  b,  the  right 
half  shown  from  the  outer  side  ;  part  of  the  bone  has  been 
removed  so  as  to  expose  the  dental  sacs  as  they  lie  below 
the  gum  ;  the  lower  figure  shows  the  sacs  of  the  milk 
teeth  and  the  first  permanent  molar,  exposed  by  removing 
the  bone  from  the  outside  ;  the  upper  figure  shows  the  same 
from  the  inside,  together  with  the  sacs  of  the  permanent, 
incisor  and  canine  teeth  adhering  to  the  gum. 


Fig  45.— Different  stages  in  the  formation  of  a  molar  tooth  with  two  fangs.     (Blake.) 

1,  the  distinct  caps  of  dentine  for  five  cusps  in  the  earliest  stage  of  formation  ;  in  2,  and  the  remaining 
figures,  the  crown  is  downwards  ;  in  2  and  3,  the  formation  of  the  crown  having  proceeded  as  far  as  the  neck, 
a  bridge  of  dentine  stretches  across  the  base  of  the  tooth-pulp  ;  and  in  4,  the  division  of  the  fancrs  is  thus 
completed  ;   in  5,  6,  and  7,  the  extension  takes  place  in  the  fangs. 


mandible,  the  calvaria,  and  the  femur.  The  teeth  which  have  been  found  up  to 
the  present  exhibit  distinctly  human  characteristics,  and  only  differ  in  minor  points 
from  the  teeth  of  existing  races.  In  some  cases,  the  lower  incisors  incline  forwards 
so  that  their  cutting-edge  would  meet  directly  and  not  be  overlapped  by  the  upper 

d  2 
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on  a  level  with  the  other  teeth,  and  do  not  attain  any 

prominence.     In  some  bhe  crowns  of  the  lower  molars  increase  in 

from  thi  to  the  third     as  in  the  gorilla.     En  the  I  ribraltar,  Krapina,  and 

Keidelbt  the  mots  ol  the  molars  were  wiv  massive,  and  were  united 

ck  of  the  teeth  (see   \    Keith, 'Ancient  Types  of  Man'  (1911) 

references  to  the  original  descriptions  ol  the  principal  prehistoric 

•i  remains  thai  have  been  discovered). 

Blood-vessels,  lymphatics,  and  nerves  of  the  teeth. — All  the  teeth  are 

supplied  by  branches  of  the  internal  maxillary  artery.     In  the  upper  jaw,  thei 

erior  ah  eolai  artery  passes  downwards  on  the  tuberosity  of  the  maxilla 

and  gives  off  branches  enter- 
ing the  posterior  dental 
canals  and  furnishing  twigs 
1 1 1    the  molar  and  premolar 

fv* A.        /V^  te6th'        •  The      infra  "  °rbital 

—  "^         V'J*'     C  2  artery  gives  off  one  or  two 

anterior      superior     alveolar 

branches       supplying      the 

canine     and    incisor    teeth. 

In  the  mandible,  the  inferior 

alveolar     artery    enters    the 

mandibular  canal,    and,    op- 

^^      |fr  y       P^f      ^jj  posite  the    mental  foramen, 

^L  divides    into    two  branches, 

one  of  which  continues  the 

direction  of  the  main  trunk 

and  supplies  the  canine  and 

incisor  teeth,  while  the  other 

reaches   the    surface   of   the 

».  oc  *J>  /<*t  mandible  through  the  mental  l 

'  foramen.      Each    fang    of  a 

.  of  thi    teeth  at  birth,      tooth  receives  a  small  branch, 

J    Howard  Mummery.)  v  •  v.  xi       t 

which  enters  the  foramen  at, 
\.  \  m  without  :   It.  viewed  it,, in  within.  T  .    ,     ,•. 

its  apex,  and,  passing  into  the  ■ 

.  breaks  up  into  numerous  t  \\  igs,  which  form  a  fine  network  just  beneath 

lontobla  The  veins  leave  al  the  ai.iir.-s  of  the  fangs,  and  pass  through  the 

■..ds  with  the  arteries.     They  terminate  in  the  pterygoid  plexus.     Attempts 

njeci  directly  the   lymphatic  vessels  of   the   pulp  cavity  have  failed,  but 

\n  h.  f.  mikr.   \n  it . .'  lid.  l\iii.)  succeeded  in  injecting  them  irorn  the 

i  Erom  thi  of  both  jaws  end  in  the  mandibular  glands. 

I    •   teeth  of  the  upper  jaw  are  supplied  by  the  maxillary,  and  those  of  the  lower 

v  by  t  dibular  division  of  the  trifacial  nerve.     The  branches  of  these  nerves: 

i  the  teeth  follow  closely  the  corresponding  arteries  entering  the  pulp  cavity  by 

of  thi    fangs,  and,  after  forming  a  marginal   plexus  of 

eatb   the   dentinal    tubules,   traverse   the   dentine    and    end    in 

>  he  enamel  and  cemi  u1  i  Mummery). 

L0PMEN1  AND  GROWTH  OF  THE  TEETH. 

•  of  the  teeth  during  mtra-uterine  life  is  described  in  Part  I. 

-  period,  the  germs  of  all  the  teeth — except  the  third 

appt  I  ai  birth  some  of  these  teeth  show  a  considerable 
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degree  of  development ;  but  the  premolars  and  second  molars  of  the  permanent 
set  are  in  a  very  rudimentary  condition,  being  represented  merely  by  their  enamel 
germs.  The  dental  papilla  of  the  second  permanent  molar  appears  about  the 
fourth  month  after  birth,  that  of  the  first  premolar  about  the  tenth  month,  and  the 
second  premolar  about  the  eighteenth  month ;  while  the  enamel  germ  and  dental 
papilla  of  the  third  molar  are  not  formed  until  the  third  year. 

At  birth,  the  teeth  which  are  sufficiently  developed  to  be  visible  to  the  naked 
eye,  are  the  twenty  deciduous  teeth  and  the  incisors,  canines  and  first  molars  of  the 
permanent  set ;  none  of  these  teeth  are  visible  from  the  mouth,  as  they  are  covered 
by  a  thick,  firm,  mucous  membrane  forming  the  alveolar  ridges.     These  teeth  are 


Media))  incisor  \ 
Lateral  incisor 

(  'am  in' 

First  molar 


Deciduous  teeth 


Second  molar      ' 

(■  rltpt  Ior  firsl  perm,  molar 


Crypt  for  first  perm,  molar 
Second  molar 


Deciduous  teeth 


-  First  molar 
Canine 

-  Lateral  incisor 
■  Median  incisor 

Fig.  47. — Upper  and  lower  jaws  op  newly  born  child.     Natural  size.     (J.  Symington.) 

On  the  right  side,  the  gums  are  preserved  ;  but  on  the  left  side  they  were  sliced  away  until  the  milk 
teeth  and  the  crypts  for  the  first  permanent  molars  were  exposed. 

enclosed  in  the  dental  sacs,  which  blend  with  the  mucous  membrane  towards  the 
surface  and  unite  below  with  the  periosteum  lining  the  alveolar  depressions  in  the 
jaws.  These  sacs  can  be  exposed,  as  in  figs.  44,  a  and  b,  and  49,  by  the  removal  of  the 
median  and  lateral  walls  of  the  alveoli.  This  is  most  readily  done  in  the  mandible. 
The  sacs  seen  from  both  aspects  in  this  dissection  are  those  investing  the  milk- 
teeth,  the  first  permanent  molars,  and,  on  the  median  aspect  in  addition  to  these 
teetb,  the  permanent  incisors  and  canine.  The  sacs  cover  the  dental  papillae  and 
enamel  organs,  and  are  best  marked  during  the  earlier  stages  of  the  calcification  of 
the  teeth. 

The  growth  of  the  teeth  advances  steadily  after  birth,  but  so  slowly  that  several 
years  elapse  between  the  commencement  of  calcification  of  a  tooth  and  its  complete 
development.  In  all  the  teeth,  the  process  is  essentially  the  same,  but  modified 
where  the  tooth  possesses  more  than  one  cusp  or  root.  The  dental  papilla,  with 
the  inner  layer  of  the  enamel  organ  which  covers  it,  acquire  the  form  and  size  of 
the  crown  of  the  future  tooth.  The  formation  of  dentine  commences  on  the  surface 
of  the  papilla,  from  one  or  more  centres,  according  to  the  number  of  cusps.  Where 
the  crown  is  bicuspidate,  or  multicuspidate,  the  separate  centres  become  united 
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ionofth  •!•  posil  over  the  masticatory  surface.    Calcification 

.,„,  of  the  papilla  towards  th<   future  neck,  until  a  cap 

enamel  is  formed,  which  resembles  in  si/.,-  and  Bhape  the 

future  tooth,  and  this  cap  is  gradually  thickened  by  fresh  deposits  of 


Median  deciduout  incisor 
Lateral  deciduous  incisor 
Da  iduout  i anine 

/',  fllKllll   III     titlllltt 


First  deciduous  molar 
Second  deciduous  molar 

_  In -I  i  a  i- inn  ii<  nt  molar 


Crypt  for  first  /nun.  molar 

i  deciduous  molar 
First  deciduous  molar 
Median  deciduous  incisor 

Median  permanent  incisor 
l'i  mporary  canint 
Permatu  nt  canint 


|g         M4XD  !     II    iD    BIGHT    MONTHS, WITH  TEETH    EXPOSED  ON  RIUHT  HALF  FROM  THE  LATERAL 

;.  os    nit  KKDIAS    ISPBCT.      Natural  .size.     (J.  Howard  Mummery.) 


dentine  on  ita  inner  surface,      [n  those  teeth  that  have  more  than  one  root,  septa 

in  wan  I -at  the  neck  of  the  tooth  and  unite  to  subdivide  its  cavity  into  compart- 

ponding  in  number  to  the  roots  or  fangs  to  be  formed.     Each  root 

ed  from  the  ne<  k  towards  the  future  apex,  and  until  the  growth  of  the  tooth 


LB     LOBD     IIIKI.I.    tm    FiilII    YEARS,  SHOWING    THE    RELATIONS 

mi  DBCiououa   imi  linnsiM    mi. ni.     (Sharpey.) 

■  i  lido,  together  with  the  incisors  of  the  left  :  the  inner 
oi  ill  the  i  nt  teeth  of  the  right  side,  except 

■  •    Thelai  i    ar  the  ramus  of  the  jaw  is  that  of  tha 

idii  [i  at  "i  the  second  molar. 

&  of  the  rod  terminates  in  a  thin  edge  surrounding 

avity.     The  wall  of  the  pulp  cavity  is  thickened  by 

oner  surface,  and  the  apex  of  the  root  ultimately 

'i  of  a  niinut atral  .anal  by  which  blood-vessels 
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and  nerves  reach  the  pulp  cavity.  This  cavity  is  larger  in  the  deciduous  than  in 
the  permanent  teeth,  and  in  the  latter  a  thick  wall  and  a  small  pulp  cavity  are 
indications  of  a  well-developed  tooth.  The  enamel  organ,  and  the  enamel  formed 
from  its  inner  layer,  invest  only  the  crown  of  the  tooth,  and  the  dentine  of  the 
root  becomes  covered  by  cementum  (substantia  ossea). 

At  birth,  calcification  has  commenced  in  all  the  milk-teeth,  but  only  a  thin 
shell  is  formed  on  the  dental  papilla.  This  process  is  more  advanced  in  the  incisors 
than  in  the  other  teeth,  and  has  extended  from  their  cutting-edges  nearly  as  far  as 
the  future  neck  of  the  tooth.  Tlie  canines  have  the  apical  portion  of  their  crowns 
calcified.  In  the  first  molars,  the  masticatory  surface  is  nearly  completed,  as  the 
calcified  cusps  have  become  united  with  one  another  by  an  extension  of  the 
calcification  over  the  areas  between  them  ;  but  in  the  second  molars,  a  considerable 


2^ p.m.  i?fpm. 
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Fio.  50. — The  teeth  on  the  right  side  in  a  boy  aged  seven  years,  exposed  from  the  lateral  aspect. 

Natural  size.     (J.  Symington.) 

The  erupted  teeth  of  the  upper  jaw  are  the  median  permanent  incisor,  the  temporary  canine,  the  first 
and  second  temporary  molars,  and  the  first  permanent  molar.  The  lateral  deciduous  incisor  is  shed  and 
has  not  yet  been  replaced  by  its  permanent  successor.  The  erupted  teeth  of  the  lower  jaw  correspond  to 
those  of  the  upper,  except  that  the  lateral  deciduous  incisor  is  still  in  position. 


part  of  the  masticatory  surface  is  uncalcified,  and  one  or  more  of  the  cusps  may  still 
be  isolated.  The  antero-lateral  cusp  of  the  first  lower  molar  has  just  commenced 
to  calcify. 

At  the  end  of  the  first  year  after  birth,  the  crowns  of  nearly  all  the  milk-teeth 
possess  a  complete  cap  of  dentine,  and  the  roots  of  the  incisors  and  first  molars 
are  beginning  to  appear.  In  a  child  two  years  old,  the  growth  in  length  of  the 
roots  of  the  incisors  and  first  molars  is  nearly  complete,  but  their  walls  are  still 
thin  ;  the  canines  have  a  large  aperture  at  the  apex,  and  the  roots  of  the  second 
molar  are  about  half  their  full  length.  Although  by  this  time  all  the  milk-teeth 
are  usually  erupted,  their  roots  are  still  growing.  About  the  end  of  the  third  year, 
the  incisors  and  first  molars  are  fully  formed,  but  the  roots  of  the  canines  and 
second  molars  are  still  incompletely  developed  ;  indeed,  they  probably  continue 
to  grow  until  the  sixth  year. 
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begin  to  calcify  aboul   the  sixth  month  after  birth: 

distinctly  visible  in  skiagrams  of  the  jaws  of  infants  about  a  year 

old,  and  by  the  end  <>f  the  third  year  are  fully  formed.    The  root  grows  slowly 

irtly  before  its  eruption  and  even  after  il  bas  completely  erupted,  1  be  root  is 

still  than  the  crown.     A.1  aboul  the  tenth  year,  it  has  attained  almost  its 

full !  but  the  aperture  at  itsap  uch  larger  than  in  an  adult.    The  lateral 

mewhal  later  in  its  calcification  than  the  median. 
I  of  the  canines  are  only  slightly  later  in  their  development  than 

the  incisors,  but  their  root-formation  is  distinctly  Blower. 

ilan  begin  to  calcify  at  the  third  year,  and  the  second  at  the 
fourth,  and  the  i  are  completed  aboul   the  seventh  year;    at  the  tenth  year 


'    !'     iwa   -i  c  bid]    mm    ur  infant  aged  one  month. 

I   R       in.) 

nd  also  the  upper,  but  lese  distinctly.     There  ,-  is  a  large  crypt 

■  edaboul  balf  its  normal  length,  and  al  the  thirteenth  its  cavity 
'"•  base  at  the  apex  of  the  fang.  The  rool  is  probablv 
aboul  the  Bfteenth  or  sixteenth  year. 

'"■  only  permanent  teeth  which  commence  to  calcify 

and  this  process  begins  in  the  upper  molars 

■  month  aftei  birth.     All  the  cusps  of  the  firsl  molars  are  calcined 

the  end  of  the  first  year  the  masticatory  surface  of  their 

a  completed  in  the  third  or  fourth  year;   root- 

!""I  probablypi U  somewhal  rapidly  before 

in  the  .sixth  year,  when  it  bas  acquired  rather  more  than 
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half  its  normal  length.  The  growth  of  the  root  is  probably  not  completed  until 
about  the  tenth  year.  As  this  tooth  begins  to  calcify  just  before  birth,  it  takes 
about  ten  years  to  attain  its  full  development. 

The  second  molars  begin  to  calcify  in  the  fourth  year,  and  the  crown  is  not 
fully  formed  until  about  the  eighth  year  ;  the  roots  grow  slowly  until  shortly  before 
the  period  for  the  eruption  of  the  tooth.  At  thirteen,  a  comparatively  large  aperture 
at  the  end  of  the  fangs  indicates  their  incomplete  development. 

In  the  third  molars,  calcification  starts  about  the  tenth  year,  and  I  have  found 
these  teeth  still  destitute  of  fangs  in  subjects  thirteen  and  sixteen  years  old. 

The  degree  of  calcification  of  the  teeth  at  different  periods  of  life  is  shown 
in  fig.  31  and  figs.  46  to  53. 

Relations  of  the  developing-  teeth. — During  their  development  and 
growth,  the  relations  of  the.  teeth  to  one  another  and  to  the  jaws  undergo  various 


Fig.  52.— Skiagram  of  the  right  half  of  the  jaws,  etc.,  of  an  infant  aged  two  years. 

(Symington  and  Rankin.) 

All  the  deciduous  teeth  are  erupted  except  the  second  upper  molar.     The  first  permanent  molars  are 
still  without  roots. 

important  changes.  The  teeth  are  formed  primarily  quite  independently  of  the 
jaws,  and  the  intimate  relation  which  subsequently  exists  between  the  teeth 
and  their  bony  alveoli  is  only  gradually  acquired. 

At  birth,  the  milk-teeth,  largely  composed  of  non-calcified  material,  are  situated  in 
the  alveolar  processes  of  the  jaws  and  do  not  project  beyond  the  level  of  the  alveoli. 
The  septa  between  the  sockets  for  the  individual  teeth  are  imperfectly  developed  ; 
distinct  apertures  in  the  septa  permitting  of  a  communication  between  adjacent 
alveoli.  The  septum  between  the  second  temporary  molar  and  the  first  permanent 
molar  is  only  faintly  indicated,  and  there  is  no  bony  wall  behind  the  upper  first 
permanent  molar.  The  lower  first  permanent  molar  is  situated  in  the  base  of 
the  coronoid  process. 

During  the  period  of  six  months  after  birth,  when  no  temporary  teeth  usually 
erupt,  the  jaws  are  the  seat  of  active  growth.  At  about  the  sixth  month,  the  greater 
part  of  the  lower  first  permanent  molar  Lies  in  the  alveolar  process  and  in  front  of 
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I  h  both  upper  and  lower  jaws,  the  outer  wall  of 

••  mporary  molars  has  grown  inwards  at  its  tree  edge,  so  that  the 

the  alveoli  is  smaller  than  the  cavity,  and  these  teeth  cannot  erupt 

>rptionof  this  overhanging  wall.     By  this  alveolar  growth, 

■   ted  from  ex<  essive  pressure  In-fore  their  eruption. 

..II;.-.  the  antrum  has  extended  outwards  over  tin-  inner  part  of  the 

.:\   molars  and  of  the  first  permanenl  molars,  the  alveoli  for  these  teeth 

:  from  the  antrum  merely  by  a  thin  plate  of  hone,  while  a  small 

i  a  little  in  front  of  the  antrum  for  the  permanenl  canine. 


m 
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mi     BIOHT    Hill     OF  Till      11  I  111    Wl>    JAWS    OF  A    BOY  AGED  SIX   YEARS. 

(Symington  and  Rankin.) 
;  pi  nnani  at,  -  n  ept  tin-  third  molars,  are  present  in  this  specimen. 

■  •  eruption  of  the  ti  mporary  teeth     i.e.  from  about  the  sixth  to  the 

i   month      the  alveolar  process  of  t  he  maxilla  grows  downwards  and 

ml  the  teel  h  dew  end  as  I  bey  erupl .     These  changes  are  not  compensated 

descenl  of  the  floor  of  the  nose,  nor  by  an  expansion  of  the 

iwth  of  the  roots  of  the  teeth,  so  that  the  incisors  gradually 

loorof  the  nose,  and  the  canine  and  premolars  from  the  antrum. 

•nt   teeth  do  not   all  lie  in  the  maxilla  above,  nor  in  the 

temporary  teeth   which   they  replace.     The 

alveoli  Bituated  on  the  lingual  side  of  the  temporary 

adible  presenl  apertures  in  this  position  leading 

onsequence  of  the  great  breadth  of  the  crown 

there  is  not  room  in  the  dental  arch  for  the  lateral 
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incisors,  and  these  teeth  become  overlapped  on  the  labial  aspect  by  the  median 
incisors.  The  alveolus  for  the  median  incisor  reaches  close  to  the  floor  of  the  nose, 
while  the  lateral  incisor  is  near  the  palatine  aspect  of  the  alveolar  process.  The 
permanent  canines,  soon  after  their  appearance,  tend  to  migrate  from  the  lingual  side 
of  the  temporary  canines — upwards  in  the  maxilla  and  downwards  in  the  mandible. 
As  the  alveolus  of  the  permanent  canine  extends,  it  comes  into  close  relation  with 
the  anterior  wall  of  the  antrum  and  the  lateral  wall  of  the  nose,  and  its  lower  part 
lies  on  the  labial  side  of  the  adjacent  alveoli  of  the  lateral  incisor  and  of  the 
first  premolar.  When  these  two  teeth  erupt,  they  diverge  from  one  another,  and 
thus  leave  a  space  between  them  for  the  canine.  This  divergence  may  not  be 
sufficient,  and  the  canine,  after  eruption,  may  project  forwards  beyond  the  line 
of  the  neighbouring  teeth,  giving  rise  to  the  condition  known  as  buck-tooth. 

As  soon  as  the  premolars  are  visible  to  the  naked  eye,  they  are  found  occupying 
crypts  between  the  fangs  of  the  corresponding  temporary  molars.  In  the  upper 
jaws,  these  crypts  lie  a  little  below  the  anterior  part  of  the  floor  of  the  antrum,  and 
in  the  mandible  reach  below  the  level  of  the  mental  foramen. 

We  have  already  seen  that  at  birth  the  arch  of  the  lower  milk  teeth  extends 
backwards  nearly  to  the  base  of  the  coronoid  process,  and  that  the  crypt  for  the  first 
permanent  molar  is  mainly  situated  in  the  base  of  this  process.  The  changes  in 
the  mandible,  by  which  space  is  gradually  formed  in  the  alveolar  margin  for  the 
permanent  molars,  were  described  by  John  Tomes  1  and  Humphrey.2 

The  breadth  of  the  part  of  the  arch  of  the  mandible  corresponding  to  the 
milk  teeth  and  their  successors,  does  not  increase  to  any  appreciable  extent 
after  birth,  as  measured  from  the  median  aspect,  although  the  jaw  becomes 
thickened  by  deposits  of  bone  on  its  lateral  aspect,  and  increased  in  vertical 
extent  at  the  alveolar  edge  and  the  lower  border.  There  is  very  little  growth  at 
the  symphysis  menti,  after  birth,  and  the  two  halves  become  united  by  bone 
about  the  middle  of  the  first  year.  Space,  therefore,  for  the  permanent  molars 
can  only  be  obtained  by  a  growth  of  the  posterior  part  of  the  mandible,  and  this 
must  be  associated  with  an  absorption  and  modelling  of  the  new  anterior  border  of 
the  ascending  ramus.  During  the  first  six  years  after  birth,  the  anterior  part  of 
the  ascending  ramus  is  gradually  absorbed,  and  the  crypt  for  the  first  permanent 
molar  in  the  fifth  or  sixth  year  lies  in  the  alveolar  margin.  At  this  period,  the 
second  permanent  molar  is  found  in  the  base  of  the  coronoid  process,  and  by  the 
twelfth  or  thirteenth  year  this  tooth  has  gained  the  alveolar  margin.  A  similar- 
seat  of  origin,  and  subsequent  advance  into  the  alveolar  margin,  occurs  in 
connection  with  the  third  molar,  the  process  occupying  from  about  the  tenth 
to  the  twentieth  year. 

The  upper  permanent  molars  are  formed  at  corresponding  periods  at  the  back 
of  the  maxillary  tuberosity,  from  which  they  descend  into  the  alveolar  margin 
in  regular  sequence  from  the  first  to  the  third.  When  the  upper  jaw  and  the 
teeth  are  fully  formed,  the  molars  are  the  only  teeth  usually  found  just  directly 
below  the  antrum,  although  sometimes  the  antrum  extends  forwards  above  the 
second  premolar. 

Eruption  of  the  teeth. — Until  a  tooth  is  so  far  advanced  in  its  development 
that  the  crown  and  part  of  the  root  are  calcified,  it  remains  embedded  in  the  tissues 
beneath  the  gum.  The  process  of  eruption  consists  of  the  passage  of  the  crown 
through  the  gum,  and  a  completely  erupted  tooth  presents  the  following  character- 
istics :  '  The  crown  of  the  tooth  projects  so  that  all  the  enamel  is  exposed,  except 
that  portion  covered  by  the  free  margin  of  the  muco-periosteum  (gum).     The 

1   A  System,  of  Dental  Surgery,  1st.  edition,  1859. 
-  British  Journal  of  Dental  Science,  vol.  vi.,  1862. 
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firmly  planted  in  the  alveolus,  which  should  be  on  a  level  with 

..( the  tooth.     The  periodontal  membrane  is  completely  developed.    The 

•  rmlv  bound  down  to  the  bone  presenting  a  thin  even  margin  in  close 

irith  the  mmediately  beyond  its  continuation  with  the  periodontal 

.•  ■  ■'  ' 

development    of  the  teeth    is  associated   with  various  changes  in  the 

which  must   1"-  considered  in  connection  with  the  process  of 

eruption.    The  inner  layer  of  the  enamel  organ  heroines  converted  into  the  enamel. 

middle  layer  undergoes  atrophy,  and  the  outer  layer  is  pushed  outwards  and 

form  ring  (dental  cuticle,  or  Nasmyth's  membrane)  for  the 

newly  erupted  tooth.     The  dental  Bac  becomes  thinned,  and  blends 

the  periosteum  lining  t  lie  alveolus.     In  almost  all  the  teeth,  the  opening  into 

the  bony  crypl  is  -mailer  than  the  crown  of  the  tooth,  and  hence  absorption  of  the 

>>f  the  opening  must   occur  before  the  tooth  can  reach  the  gum.     The 

of  the  successors  of  the  temporary  teeth  is  preceded  by  an  absorption 

of  thi  .d  the  latter  and  a  Bhedding  of  t he  remains  of  these  teeth. 

/'•  of  the  '/<•  iduoua  teeth. — The  eruption  of  these  teeth  does  not 

egular  succession    from    behind    forwards,   as  the   first   molars   appear 

:    nor  by  a  gradual  and  continuous  process,  but  in  batches,  with 

s  of  repose  between  the  successive  periods  of  activity.     The  first  to  appear 

median  incisors,  then  the  upper  median  incisors,  followed  after  a  short 

the  upper  lateral  incisors, and  after  a  longer  interval  by  the  lower  lateral 

\    I    3]      •    ■     examined  200  infants — 100  males  and  100  females — and 

the  lower  median  incisors  appeared  before  the  upper  in  85  5  per  cent. 

date  of  eruption  in  the  males  was  252  days,  and  in  the  female  221  ;  this 

ruption  in  females  does  uol    apparently  apply  to  the  other  milk-teeth.3 

lars  erupl  out  the  same  time  as  t  he  lower  lateral  incisors  ;    then 

interval  of  four  or  five  months  the  canines,  and  finally,  about  the  end  of 

the  sei  ond  molars. 

Table  oi    Eruption  oi    mi:  Deciduate  Teeth. 

median  incisors    .  ....  6    to     9  months. 

8    to     10  months. 

and  first  molars       .         .         15    to    21  months. 

16    to    20  months. 
20    to    2-1  months. 

tion  of  teeth   before   birth  are   rare,  but    Louis  XIV.  of  France,  Richard    III. 

ad  others  are  cited  ae  examplesof  its  occurrence.     The  eruption 

lited  to  the  lower  mediae  incisors,  and  such  teeth  may  be  quite  normal 

the  usual   period   for  their  replacement  b3  permanent  incisors.     Herpin 

'  'omptes  /,'•  ndua  </■ )  Anatomistes,  1911)  described  a  few 

rudimentary  lower  median  incisors  appeared  through  the  gum  a  few 

were    mobile,  and   generally   soon    became   detached.     Non- 

-  extremely  uncommon.     Giraldes  (CompU  Rendu  Soc.  Biol,  1860-1) 

eth  in  an  infant  sixteen  months  old. 

aneni  tet  th.     The  dates  of  eruption  of  the  permanent 

ian  those  of  the  deciduous,  since  the  twenty  anterior 

successors  of  the  deciduous  set,  are  liable  to  have 

the  deciduous  teeth  fail  to  be  shed  at  the  usual  period, 

1 '  '      of  Eruption  in   4,850  Children  Aged  under 
5,  1912. 

Mi.'  lirit.  Med.  J,>nr.,  January  8.  1907 

'    el  leur  age  d'apparition,'  These  de  Paris,  1898. 
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and  the  eruption  of  the  permanent  molars  is  dependent  upon  a  complicated 
series  of  changes  in  the  jaws,  by  which  space  is  found  in  the  alveolar  arch 
for  them. 

The  average  time  of  eruption  of  the  lower  teeth  is  shown  in  the  following 
table  : — 

Molars,  first          .          .          .  about  the  end  of  the    6th  year. 

Incisors,  median            .          .  ,,         ,,  ,,            7th  ,,  . 

,,       lateral  ...  ,,         „  ,,           8th  ,, 

Premolars,  first    .          .          .  between  the  10th  and  11th  ,, 

,,           second         .          .  ,,         ,,  11th  and  12th  ,, 

Canines       ....  ,,         ,,  11th  and  12th  ,, 

Molars,  second     ...  „  12th  and  13th  ,, 

,,     third  (or  wisdom)      .  ,,         ,,  17th  and  25th  ,, 

As  a  rule,  the  upper  teeth  are  six  to  twelve  months  later  than  the  lower, 
but  the  first  premolars  are  an  exception,  as  the  upper  ones  usually  appear 
before  the  lower. 

James  and  Pitts  '  have  published  the  results  of  an  examination  of  4,850  children  under 
twelve  years  of  age,  tabulating  the  cases  together  in  periods  of  three  months,  ranging  from  five  to 
twelve  years,  with  a  separate  list  of  permanent  teeth  erupting  prior  to  five  years.  These  results 
are  incomplete,  owing  to  the  age-limit  of  twelve  years  ;  but  they  are  the  most  extensive  observa- 
tions on  the  period  of  eruption  of  the  permanent  teeth  that  have  hitherto  been  recorded.  These 
authors  met  with  sixteen  cases  of  the  eruption  of  some — in  only  one  case  all — of  the  first  molars 
prior  to  the  age  of  five  years,  and  by  the  end  of  the  twelfth  year  all  the  first  molars  and  the 
permanent  incisors  had  erupted,  while  the  remaining  teeth  had  the  following  proportion  of 
erupted  teeth  :  lower  first  premolars,  77'5  per  cent,  and  upper  86'8  per  cent. ;  lower  second 
premolars,  61*1  per  cent,  and  upper  74  per  cent. ;  lower  canines,  74  per  cent,  and  upper  57'4 
per  cent. ;  lower  second  molars  57"4  per  cent,  and  upper  44'4  per  cent. 

Variations  in  the  number  of  teeth. — The  teeth  of  the  temporary  set  seldom  vary 
in  number,  but  *casionally  a  lateral  incisor  may  be  absent,  one  or  more  supernumerary  incisors 
be  present,  or  two  adjacent  teeth  found  fused  together  (see  Tomes,  Dental  Surgery,  2nd  edition, 
1873,  }).  94,  and  C.  Earle,  '  On  the  Presence  of  a  Supernumerary  Milk-incisor  in  the  Human 
Dentition,'  Jour.  Anat.  and  Phys.  vol.  xxix.,  1905).  Even  in  the  permanent  set,  variations  are  not 
common;  thus,  amongst  19,725  schoolchildren,  examined  in  Schleswig  Holstein,- only  thirty-three 
cases  of  supernumerary  teeth  were  observed.  In  some  instances  it  may  be  impossible  to  decide 
whether  a  supernumerary  tooth  belongs  to  the  temporary  or  the  permanent  set.  There  has 
been  a  considerable  amount  of  controversy  as  to  the  significance  of  numerical  variations  in 
children,  more  particularly  with  reference  to  the  question  of  their  atavistic  nature.  As  the 
typical  permanent  mammalian  dentition  is  13,  C1(  PM4,  and  M3  on  each  side  of  each  jaw,  it  follows 
that  in  man  three  pairs  are  suppressed  :  namely — one  pair  of  incisors  and  two  pairs  of  premolars. 
Where  a  supernumerary  tooth  is  an  incisor  or  a  premolar,  it  may  fairly  be  assumed  to  be  a  reversion 
to  an  ancestor  provided  with  more  teeth  than  man.  As  not  more  than  two  incisors  are  normally 
present  in  any  of  the  primates,  while  a  number  of  the  lower  primates  have  three  molars,  one 
would  expect,  on  the  theory  that  supernumerary  incisors  and  premolars  are  atavistic,  additional 
premolars  to  occur  more  frequently  than  additional  incisors.  This  has  not  been  proved  to  be 
the  case ;  indeed,  Dependorf  found  cases  of  supernumerary  incisors  more  frequent  than 
supernumerary  premolars.  In  a  typical  dentition,  the  incisors  may  be  distinguished  as  iu  u,  i3, 
and  the  premolars  as  pm\,  pm.2,  pm:l,  and  pmA.  Some  consider  that  in  man,  i2  is  absent,  and  others 
i:) ;  while  amongst  the  premolars,  the  missing  teeth  are  probably  pmx  and  pm.:  or  possibly  -pmx 
and  pmA.  Numerous  cases  have  been  recorded  of  fourth  molars.  Zuckerkandl  3  has  shown  that 
in  persons  from  fourteen  to  nineteen  years  of  age  the  dental  lamina  extends  behind  the  third 

1  '  Some  Notes  on  the  Dates  of  Eruption  in  4,850  Children,  Aged  under  Twelve,'  Proe.  Royal  Soc.  of 
Medicine,  vol.  v.,  no.  5,  March  1912. 

2  Dependorf,  '  Zur  Frage  der  ubcrzahligen  Zahne  im  menschliehen  Gebiss,'  Zeitschrift  f.  Morphologie 
und  Anthropologic,  Bd.  x.,  1907. 

3  '  Ueber  das  epitheliale  Rudiment  eines  vierten  Malilzahnes  beim  Menschen,'  Sitzungsber.  d.  kais.  AJcad. 
d.  Wissensch.  Wien.,  Bd.  100,  Abt.  3. 
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n  in  1 1». -  jaw.     Thia  is  really  a  repetition  of  what 

n  ihcdi  velopment  of  the  other  molars  (sec  fig.  13).    The  fourth  molar 

•  it  in  place  of  this  ii  maj  develop  into  a  distinol  tooth.    This  ia 

,,.,  phylogenetic  aignificanoe,  as  mammalfl  possessing 

ii  in. in. 

tional   Dental   Federation,  in  August  1913,  Prof.  L.   Bolk. 

ibout  thirtj  specimens  ol  additional  permanent  molars.     Some  of 

l  aspect  "i  and  between  the  Becond  and  third  maxillary 

while  i  ind    b  ihind    the    third   molars    be 

additional  teeth   bad   molariform   crowns,    but    only  a  single 

■'.  vol.  sxxv.,  oo.  :*.  February  2,  191  1 1. 

HTumixr  oi  .lint  1 1  ions.      Although  il  is  generally  assumed  that  man.  in  common  with  the 

of  iii.iiiim  ala,  i^  diphyodont,  he  would  appear  to  I"-  potentially  polyphyodont.     The 

ideredto  be  descended  from  the  polyphyodont  reptilian,  and,  if  such 

■  i  find  thai  mammalian  evolution  has  been  associated  with  a  reduction 

mil  that  the  monophyodont  condition,  instead  of  being  as  former!] 

primitive   one,    n  ive   Btep.     In    man.  the  diminution  has 

■     ts  are  fully  developed  and  functional,  but  there  is  strong  evidence 

pp    icteal  and  a   postpermanenl   dentition.     Leche1 

:  rudiment  ;i   in   various   pouch  marsupials,  situated  on  the  labial  side  of 

rior  milk-teeth,  which  he  regards  as  prelacteal.     P.  Adloff2  discovered  a  minute  tooth  in 

.»  ton-weeks'  human  embryo,  situated  on  the  buccal  side  of  tin-  second  deeiduate  molar,  which 

•el  some  of  the  dental  rudiments  occasionally  found  in  the  outer  part  of 

in  of  adult  jaws  are  probably  of  t li i -  nature.    The  evidence  in  support  of  a 

•i  called  ti  iii.uy.  dentition  rests  mainly  upon  the  reports  of  cases  in  which 

■   ted  to  have  appeared  after  the  loss  oi  some  of  the  permanent  set.     A  list 

.  -  -  has  I  i  piled  by  Launois  and  Bra 

Evolution  ot  the  molars.     The  primitive  tooth  is  a  simple  cone,  forming  what  is  known  as 

■  type,  lint  in  nearly  all  mammals  t  be  cheek-teeth  are  complex.     Two  main  \  ien  - 

the  phytogeny  "f  the  multicuspidate  teeth     such  as  the  molars  in  man.  According 

.  known  as  the  concresence  theory,  these  teeth  are  formed  by  the  fusion  of 

a  Dumber  ol  originally  simple  cones,  each  cusp  of  a  mammalian  molar  representing  the  apex 

I .' ■  ■  i  vidi  ace  in  fa\  our  of  this  view  is  mainly  embryological,  and  is  based 

f  upon  the  mode  "f  development  of  the  molars,  in  each  oi  n  hich  the  primary  papillae  is  not 

consists  of  several  processes  to  which  others  may  be  added.     The  processes 

di  Hi'  d.  and  the  crown  is  formed  by  the  subsequent  fusion  of  their  bases.     The 

-  supported  by  Rose,4  and  in  a  modified  form  by  Kukenthal5  and  Mareti 

1  other  American   palaeontologists,  support  what  is  known  as  the 

I"  "i  J       !      irding    to  this    view,   the    primitive  mammalian  molar    tooth    is 

!  i-  formed  from  a  primitive  i  onical  tooth     the  protocone — to  which  is  first  added 

the   paracone     and   then  a  small  posterior  one — the  metacone.     The 

three  cusps  situated    in  an  anteroposterior  line;     but    these 

Mon  to  form  a  triangle.     In  the  upper  jaw.  the  protocone  moves 

.  while  the  paracone  and  the  metacone  become  respectively  the  anterior 

ispa.     In  the  lower  jaw,  the  process  is  reversed;   the  protocone  acquiring 

md  the  pun  on.- and  the  metaci become  lingual,  so  that  the  base  of  the 

outwards  and  thai  of  the  lower  molar  inwards.     Such  teeth. 

cutting,  are  not  Buited  for  crushing,  which  is  the  principal  function 

1 '■     triangular  cutting-molars  have   been   transformed  into  quadri- 

>th    by    the    development    oi    a    tal >r   heel.     The    upper   molars 

don  or  heel  which  supports  a  posterior  palatine  cusp  or  hypocone.     In  this 

I  the  upper  molars  have  been  developed.     Theevolution  of  the  lower  molar 

'   its  anterior  lingual  cone  or  paraconid,  bul  its  talon 

■   rior  ungual  (entoconoid),  the  posterior  buccal  (hypoconidj, 


/;,',/.  ZooL,  H.  17. 

Us.  Zahnheilk.,  Jahrg.  27. 
la  I ■■■  i  ..  \ rm. ■!■  :{•_'. 
hlii  ben   Molaren,'  Anat.  Anzeiger,  Ed.  vii. 

I      ituru    QestlUch.   Bd.  txviii,  1893. 
'   M  ■"'""  ,;  ..  Bd.  sxvii.,  1903. 
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PHARYNX. 

The  pharynx  (figs.  54  and  55)  extends  from  the  base  of  the  skull  to  the  lower 
border  of  the  sixth  cervical  vertebra,  where  it  terminates  by  becoming  continuous 
with  the  oesophagus.  It  lies  in  front  of  the  basilar  part  of  the  occipital  bone  and  the 
upper  six  cervical  vertebrae  and  behind  the  nasal  cavities,  mouth,  and  larynx.  It 
may  therefore  be  divided  into  three  parts  :  namely — nasal,  oral,  and  laryngeal.  The 
velum  palatinum  or  soft  palate  projects  backwards  and  downwards  into  it,  and 


Palato-glossal  fold 
Gum  ovt  r  first  permanent  molar 
Second  deciduous  molar 


■7."  -i'  '  '      ■   i.  t< 


■Sphenoid  boni 


Choana 
Occipital  bone 
Pharyngeal  tonsil 

Pharyngeal  orifice  of  audit ira  tuba 
Soft  pedate 


Tonsillar  fossa 
Palatini   tonsil 
Superior  constrictor  muscle 
Valato-pkaryngeal  fold 
Lingual  to)isil 


Veslibulum  la  ry  n  g  is 


j       Arytenoideus  m  usele 


Cricoid  cartilagt 

Genio-glossus  muscle /  /         /      /  /    \         ^ifl  if    Vi  I  *>■, *♦"♦»' 

,,  "  .    ,       . ,  ,  /         /     /  /     \  /,'^CZjZ Fifth  cervical  vertebra 

Gemo-hyoid  muscle 

Mijlo-hyoid  muscle 

Hi/oid  bone 

Thyroid  cartilage 

Fig.  54. — Median  section  of  part  of  head  and  neck  of  a  boy  aged  three   years,  with  mandible 

depressed.    (J.  Symington.) 


during  the  act  of  deglutition  is  drawn  upwards  and  backwaids  against  its  posterior 
wall,  so  as  completely  to  separate  the  nasal  from  the  oral  portion.  In  all,  seven 
openings  lead  into  the  cavity  of  the  pharynx  :  namely — above  the  velum,  the  two 
choance  (posterior  nares),  and  the  two  tubse  auditivee  (Eustachian  tubes)  ;  and  below 
the  velum,  from  above  downwards,  the  orifices  leading  into  the  mouth,  larynx,  and 
oesophagus.  The  pharynx  is  about  14  cm.  in  length.  Its  transverse  diameter  is 
considerably  greater  than  its  antero-posterior.  Its  widest  part  (about  4  cm.) 
is  usually  opposite  the  upper  part  of  the  arytenoid  cartilages  (see  fig.  59), 
below  which  it  rapidly  contracts,  like  a  funnel,  towards  its  termination,  where  it  is 
narrowest. 

The  nasal  part  of  the  pharynx  (pars  nasalis  pharyngis,  naso- pharynx,  or 
post-nasal  space)  is  an  air-cavity  irregularly  cubical  in  shape,  and  presents  for 
examination  an  anterior,  a  posterior,  and  two  lateral  walls,  a  roof,  and  a  floor. 
The  anterior  wall  is  bounded  medially  by  the  posterior  edge  of  the  nasal 
septum,  and  on  each  side  of  this  septum  is  an  opening  (choana)  into  the  cor- 
responding nasal  cavity.      The  posterior  wall  is  continuous,    below,    with    the 
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posterior  wall  of  the  oro-pharynx,  and,  above,  with  the  vaulted  roof,  without 
any  definite  boundaries ;  but  it  may  be  conveniently  regarded  as  reaching  from 
the  upper  border  of  the  superior  constrictor  of  the  pharynx,  opposite  the  middle 
of  the  basi-occipital  bone  downwards  to  the  lower  border  of  the  body  of  the 
axis  vertebra. 

In  each  lateral  wall,  the  opening  of  the  tuba  auditiva  appears  as  a  vertical  cleft, 
or  as  a  funnel-shaped  opening,  and  is  bounded  behind  by  a  prominence — the  cushion 


Fig.  56. — Horizontal  section  through  nasal  cavities  and  nasal  portion  of  pharynx,  seen  from 
above.     Seven-eighths  natural  size.     (J.  Symington.) 

1 ,  naris  ;  2,  septal  cartilage  ;  3,  vomer ;  4,  inferior  concha ;  5,  inferior  meatus  ;  6,  maxillary  antrum  ; 
7,  choana  ;  8,  tuba  auditiva  or  Eustachian  tube  ;  9,  tensor  palati ;  10,  levator  palati ;  11,  internal  carotid 
artery  ;   12,  lateral  recess  of  pharynx  ;    13,  longus  capitis  muscle  ;    14,  pharyngeal  tonsil. 

of  the  Eustachian  orifice — containing  the  cartilage  of  the  tube.  Between  this 
prominence  and  the  posterior  wall  of  the  pharynx,  there  is  a  deep  recess  passing 
backwards  and  outwards.  It  is  known  as  the  lateral  recess  of  the  pharynx  (recessus 
fharyngeus  [Rosenmuelleri]).     From  the  cushion   of  the  Eustachian  orifice,   the 


Fig.  55. — Median  section  of  the  head  and  neck.  Two-thirds  natural  size.  (Bnume.) 
1,  sphenoidal  sinus;  2,  lateral  recess  of  pharynx;  3.  pharyngeal  orifice  of  tuba  auditiva;  4.  anterior 
arch  of  atlas  ;  5,  soft  palate  ;  6,  body  of  axis  ;  7,  oral  portion  of  pharynx  ;  8,  epiglottis  ;  !!,  arytenoid  muscle  : 
10,  cricoid  cartilage;  11,  trachea;  12,  oesophagus;  13,  origin  of  innominate  artery  Irom  aorta;  14,  genio- 
glossus  muscle  ;  15,  genio-hyoid  muscle  ;  16,  my lo-hyoid  muscle  ;  17,  platysma  ;  18,  hyoid  bone  j  1!),  thyroid 
cartilage  ;  20,  cricoid  cartilage  ;  21,  isthmus  of  thyroid  body  ;  22,  sterno-hyoid  ;  23,  sterno-thvroid  ;  24,  [eft 
innominate  vein;   25,  manubrium  sterni 
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The  floor  of  the  oaBO-pharynx  is  formed  by  the  upper  surface  of  the  soft  palate, 
,  obliquely  downwards  and  backwardfl.     Behind  the  lower  part  of  the 

pharynx ununicatea  with  the  oro-pharynx  by  a  transverse 
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ide  ftl  the  level  of  the  angles  of  the  mouth,  and  the  soft  palate 
« ay. 

-    •:  tlic  palate  may  bulii^.  upwards  so  as  to  be  visible 
is  the  Levator  cushions.     This  condition  is  sometimes  met 
I  body. 

of  the  pharynx  lies  below  the  upper  part  of  the  basi-occipital 

tphenoid  portion  of  the  base  of  the  skull.    It  is. 

....II  on  each  side  by  a  groove  continuous  posteriorly 

orfo     i  of  It. .s.niiniller,  and anteriorlyit  extends  to  the 

of  the  choanse. 

Tonsilla  phurynsrea — The  mucous  membrane  of  the  roof  of  the  pharynx  is 

infiltrated  with  lymphoid  tissue,  forming  the  pharyngeal 

l     the  median  line,  at  about  the  union  of  the  roof 

•  ■  uarynx,   a    recess  is  almost  invariably  found, 

(lindl  or  may  turn  forwards  for  some  distance 
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in  the  roof  of  the  pharynx.  This  bursa  is  known  as  Luschka's  pouch  ('  Der 
Schlundkopf  des  Menschen,'  1868,  p.  26).  Its  developmental  significance  is 
unknown,  and  it  does  not  appear  to  be  specially  associated  with  the  formation 
of  the  pharyngeal  tonsil.  From  the  neighbourhood  of  this  pouch,  a  number  of 
folds  radiate  outwards  and  forwards  over  the  roof  of  the  pharynx.  The  number 
and  position  of  the  folds,  and  of  the  deep  fissures  separating  them,  vary  some- 
what. Thus  a  median  fold  may  pass  forwards  from  the  pharyngeal  bursa 
towards  the  nasal  septum,  or  a  fissure  may  extend  from  the  bursa  so  as  to 
divide  the  pharyngeal  tonsil  into  two  lateral  halves.  The  fissures  passing 
forwards  often  form  curves  with  their  convexity  outwards,  while  those  near  the 
base  of  the  tonsil  are  generally  straight  and  nearly  transverse. 

The  upper  or  attached  surface  of  the  pharyngeal  tonsil  is  united  to  the  fibrous 
tissue  covering  the  basi-occipital  and  basi-sphenoid,  and  its  free  surface  looks 
towards  the  upper  two-thirds  of  the  soft  palate. 

The  pharyngeal  tonsil  is  distinctly  visible  to  the  naked  eye  during  the  later 
months  of  fetal  life,  and  it  continues  to  increase  in  size  during  infancy  and  early 
childhood.  Possibly,  it  normally  attains  its  maximum  development  by  the  sixth 
or  seventh  year,  after  which  it  gradually  atrophies.  It  occasionally  persists  in  a 
well-developed  condition  until  adidt  life.  In  a  boy  aged  three  years  (see  fig.  54), 
the  distance  from  the  cranial  periosteum,  where  the  tonsil  was  attached,  to  the 
posterior  surface  of  the  soft  palate  was  15  mm.,  and  this  space  was  about  equally 
divided  between  the  tonsil  and  the  cavity  of  the  pharynx.  This  does  not  represent, 
in  my  experience,  an  excessive  growth  for  a  child  of  about  this  age.  It  is  sometimes 
so  much  hypertrophied  that  it  nearly  reaches  the  soft  palate,  and,  with  the  mucous 
that  generally  collects  in  such  cases  in  the  naso-pharynx,  it  may  almost  entirely 
prevent  nasal  breathing  (see  Symington,  '  The  Pharyngeal  Tonsil,'  British 
Medical  Journal,  October  15,  1910). 

The  average  capacity  of  the  nasal  part  of  the  pharynx  is  said  to  be  14  c.c. 
Its  transverse  diameter  in  front  of  the  Eustachian  orifices  is  about  22  mm.  ; 
between  the  Eustachian  cushions  it  varies  considerably — on  an  average  it  is 
about  15  mm.  ;  and  between  the  outer  ends  of  the  fossae  of  Rosenmuller  about 
3  cm.  The  distance  from  the  lower  part  of  the  posterior  edge  of  the  nasal 
septum  to  the  posterior  wall  of  the  pharynx  is  15   mm. 

The  oral  part  of  the  pharynx  (pars  oralis  pharyngis)  is  situated  below  the 
soft  palate  and  above  the  level  of  the  larynx.  Owing  to  the  mobility  cf  the  tongue 
and  of  the  soft  palate,  it  varies  considerably  in  size  and  form.  It  communicates 
in  front  with  the  mouth  through  the  isthmus  faucium,  and  below  this  opening  it  is 
bounded  anteriorly  by  the  posterior  part  of  the  dorsum  of  the  tongue.  Its  posterior 
wall  is  usually  in  front  of  the  third  cervical  vertebra,  and,  when  the  soft  palate  is 
raised,  also  in  front  of  the  lower  part  of  the  body  of  the  axis  vertebra.  On  each 
lateral  wall,  there  is  a  somewhat  triangular  recess,  bounded  by  two  folds  of  mucous 
membrane — the  arcus  palato-glossus  (anterior  palatine  arch)  and  the  arcus  palato- 
pharyngeus  (posterior  palatine  arch).  The  anterior  arch  joins  the  tongue  and 
forms  the  lateral  boundary  of  the  isthmus  of  the  fauces,  while  the  posterior  one 
gradually  disappears  on  the  side  wall  of  the  pharynx. 

The  tonsillae  palatinae  are  two  oval  masses  of  lymphoid  tissue,  situated  one 
on  each  side  in  the  recess  between  the  anterior  and  posterior  palatine  arches.  Their 
long  axes  are  directed  from  above  downwards  and  somewhat  backwards,  and  they 
reach  from  the  soft  palate  above  to  the  side  of  the  tongue  below.  When  the  fauces 
are  closed,  the  free  surface  of  each  tonsil  lies  against  the  posterior  part  of  the  tongue 
(see  fig.  20).  On  an  average,  they  measure  at  puberty  20  mm.  to  25  mm.  in  a  vertical 
direction,  10  mm.  to  15  mm.  from  before  backwards,  and  from  5  mm.  to  10  mm. 
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within  |,,,  are  frequently  enlarged  in  children  and  atrophied 

reatly  not  only  in  size,  but  also  in  appearance.     Hetl 

ind  thai  the  tonsils  in  healthy  children  begin  to  atrophy 

When  viewed   from    the  median  aspect,   the   tonsil    is 

tonsillaris),   which    is   bounded   above    and 

fold  of    mucous  memhrane,  strengthened   by  fibrous 

ontinuoua    with    tl  "1-  oi  the    tonsil.      The     upper     part     of 

.,„.  pi^  tonsillaris,  is  well  marked  and  forms  the 

..,    <lf  a  ,,., ,  merally  known    as   the  fossa  siipra-tonsilhuis, 
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La  forwards  and    upwards   into  the  tonsil  for  a  depth   of  5  mm. 

to    I"    mm.;    tli--    lower    part    of   the    fold    which    bounds  the  tonsillar  recess 

i>  called  tin-  plica  triangularis,  as  it  forms  the  boundary  of  a  triangular 

Limited  in  fronl  by  the  anterior  palatine  arch,  and  below  by  the  tongue.     On 

tion,   the  Lonai]  is  found  to  be  more  extensive  than  the  floor  of 

ii  :    td  •■ml.   upwards  around  the  supra-tonsillar  fossa  and 

eternal  t<»  the  plica   triangularis  as  far  as  the  anterior  palatine 

provided  with  a  well-defined    capsule,  from  the  inner  aspect  of 

an.     Tli.   ..liter  Burface  of  the  capsule,  in  the  greater 

i  ii.  .1  with  neighbouring  structures  by  a  rather  loose  areolar 

plexus.     This  peri-tonsillar  space  is  easily  demonstrated 

the  tonsil  Li  he  median  surface  of  the  superior 

berior  pari  of  its  median  aspect  where  it  is  covered 

Tonsil,  and  its  Role  in  the  Economy  of 
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by  the  mucous  membrane  of  the  plica  triangularis.  In  front,  however,  the  capsule 
is  united  by  firm  fibrous  tissue  to  the  palato-glossus  muscle,  behind  to  the  palato- 
pharyngeus  muscle,  and  below  it  is  continuous  with  the  fibrous  tissue  of  the  tongue. 
Both  the  external  and  internal  carotid  arteries  lie  fully  an  inch  lateral  and  posterior 
to  the  tonsil,  The  tonsil  lies  median  to  the  lower  border  of  the  mandible,  a  little 
in  front  of  its  angle  ;  but  it  is  separated  from  the  skin  by  the  submandibular  gland, 
stylo-glossus,  stylo-pharyngeus,  and  superior  constrictor  muscles  (see  fig.  20),  and 
is  too  deeply  placed  to  be  felt  externally,  even  when  enlarged — more  especially 
since  it  then  bulges  inwards  and  not  to  any  appreciable  extent  outwards. 

The  free  surface  of  the  tonsil  exhibits  a  number  of  deep  depressions  and  clefts 
(fossulcB  tonsillares),  some  of  which  reach  outwards  nearly  as  far  as  the  capsule. 
The  walls  of  these  clefts,  as  well  as  the  surface  of  the  gland,  are  infiltrated  with 
lymphoid  tissue.  The  fissures  on  the  upper  part  of  the  tonsil  open  into  the 
supra-tonsillar  fossa. 

Blood-vessels,  lymphatics,  and  nerves. — Arteries. — The  tonsils  re- 
ceive a  large  supply  of  blood  from  a  number  of  small  arteries.  The  principal 
supply  is  from  the  tonsillar  and  palatine  branches  of  the  external  maxillary,  which 
pierce  the  superior  constrictor  and  enter  the  lower  and  posterior  part  of  the  gland. 
The  descending  palatine  of  the  internal  maxillary  sends  twigs  to  the  upper  part, 
and  the  dorsalis  lingupe  to  the  lower  end.  From  these  arteries,  fine  branches  and 
capillaries  are  distributed  abundantly  to  the  lymphoid  tissue  and  follicles  and  to 
the  papillae  of  the  mucous  membrane  which  lines  the  recesses.  The  veins  are 
numerous,  and  enter  the  tonsillar  plexus  on  its  outer  side.  Lymphatics  are 
abundant,  and  surround  the  follicles  with  a  close  plexus  ;  the  vessels  pierce  the 
superior  constrictor  muscle  and  pass  to  one  or  more  glands  lying  close  to  the 
posterior  belly  of  the  digastric  muscle  and  the  internal  jugular  vein  (superior 
deep  cervical  group  of  glands).  The  nerves  come  from  the  glosso-pharyngeal, 
and  from  the  trifacial. 

According  to  Hett  and  Butterfield.1  in  infancy,  the  portion  of  the  tonsil  situated  in  the  walls 
of  the  supra-tonsillar  recess  (palatine  portion  of  the  tonsil)  is  well  developed,  and  forms  about 
a  third  of  the  organ ;  but  during  childhood  it  tends  to  atrophy,  and  there  is  a  marked  development 
of  lymphoid  tissue  opposite  the  tonsillar  depression,  so  that  the  main  part  of  the  tonsil  is  found 
below  the  supra-tonsillar  fossa.  They  found  that  the  simplest  form  of  mammalian  tonsil  was 
a  funnel  surrounded  by  lymphoid  tissue,  and  they  consider  that  the  lymphoid  tissue  in  the  wall 
of  the  supra-tonsillar  fossa  is  an  integral  part  of  the  human  tonsil.  In  addition  to  the  paper  of 
Hett  and  Butterfield,  one  by  J.  Killian  ('Entwickelungsgesehiehte,  anat.  und  klin.  Untersuchungen 
ueber  Mandelbucht  und  Gaumenmandel,'  Arch.f.  Laryngologie,  Bd.  vii.,  1898)  may  be  consulted 
for  further  particulars  regarding  the  anatomy  of  the  tonsil.  Objection  has  been  raised  to  the 
term  supra-tonsillar  fossa,  since  the  recess  lies  within  the  capsule  of  the  tonsil,  and  hence  is  not 
as  the  term  suggests,  situated  above  the  tonsil.  The  name  tonsillar  fossa  would  be  more 
accurate. 

The  depression  forming  the  sinus  tonsillaris  is  the  remains  of  the  dorsal  end  of  the 
median  part  of  the  second  pharyngeal  cleft.  In  the  third  month  of  fetal  life  the  sinus  is 
subdivided  into  two  recesses  by  an  intra- tonsillar  fold  (Hammar).  From  each  of  these  recesses, 
processes  extend  laterally,  and  have  lymphoid  tissue  developed  in  their  walls,  so  that  each  tonsil 
consists  of  an  anterior  and  upper  and  a  posterior  and  lower  portion.  The  fold  separating  these 
two  parts  of  the  toiisil  subsequently  disappears,  but  traces  of  it  may  sometimes  be  recognised 
in  the  adult. 

The  laryng-eal  part  of  the  pharynx  (pars  laryngea  pharyngis)  (figs.  13, 
59,  and  60)  is  situated  behind  the  entire  extent  of  the  larynx.  Its  length  is  equal 
to  that  of  the  nasal  and  oral  parts  combined.  In  the  upper  part  of  its  anterior  wall 
is  the  superior  aperture  of  the  larynx.  On  either  side  of  this  is  a  longitudinal 
groove  called  the  recessus  piriformis,  which  represents  the  remains  of  the  fourth 

1  '  The  Anatomy  of  the  Palatine  Tonsil,'  Jour.  Anat.  and  Phys.,  vol.  xliv.,  October  1909. 
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Opposite  the  laryngeal  aperture,  the  transverse  diameter  of  the  pharynx  is 

\  little  below  this  opening,  th<   anterior  and  posterior  walls  of  the 

:.  bul  the  transverse  diameter  undergoes  only  a  very  slight 


Pomum  Adami 


.  |  ppt  ndix  vi  ntriculus  laryngis 
Plica  m  ntricvlaris 
Plica  vocalis 
Muscvius  vi  ntricvJaria 


• 


T~ ^f>-     ft   p 


-  > 


- 1 


. 


Aryti  ""ill  cartilage 
Recessus  pyriformis 

-  Sterno-mastoid  m  u  m 


Common  carotid  artery 


Inferior  constrictor  of  pharynx 
Laryngeal  part  of  pharynx 

rHBOUQB  Tin    i  i-i-i  i:   rurr  OF  mi     i  UtYNGEAL  PORTION  OF  THK  phakwv 
male.     Natural  size.     (J.Symington.) 

dimil  r  down  as  the  cricoid  cartilage,  behind  which  it  rapidly  contracts 

mination  it  is  only  about  12  nun.  to  K>  mm.  broad.     The  part  of 

behind  the  cricoid  cartilage  being  normally  a  closed  cavity,  and,  only 

g  deglutition,  cannot  be  seen  with  the  laryngoscope  unless  the  larynx 

Structure  of  the  pharynx.  -The  walls  «.f  the  pharynx  are  formed  from 

i   mucous  membrane,  a   layer  of  fibrous  tissue  called  the 

a  muscular  coat,  and  another  layer  of  fibrous  tissue,  which 

Inator  muscle,  is  called  bucco-pharyngeal fascia.    The 

I   lax   b.low.  but   becomes  thicker  and  denser 

rior  pari  of  the  sphenoid  bone  and  passes 

portion  of  the  temporal  bone  and  on  to  the  auditory 

'•  middle  line  by  a  strong  band  descending  between 

i  part  of  the  basilar  process  of  the  occipital  bone, 

d  tubercle. 
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the  bodies  of  the  cervical  vertebra  and  the 
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styloid  process  and  its  muscles,  and  with  the  sheaths  of  the  large  vessels  and  nerves 
of  the  neck. 

The  attachments  and  relations  of  its  muscular  coat  will  be  described  in  Vol.  IV. 

The  mucous  membrane  of  the  pars  nasalis  is  of  a  deeper  red  colour  than  that 
below  the  soft  palate,  except  over  the  nasal  septum,  where  it  is  very  pale,  and  at  the 
orifices  of  the  auditory  tubes,  which  are  yellowish.  The  pars  nasalis  is  covered 
with  ciliated  epithelium,  while  the  pars  oralis  and  the  pars  laryngea  have  stratified 
squamous  epithelium.  The  ducts  of  numerous  mucous  glands  open  on  the  surface  ; 
the  glands  are  specially  abundant  in  the  soft  palate,  round  the  orifice  of 
the  Eustachian  tube,  and  on  the  posterior  part  of  the  tongue.  The  pharyngeal, 
palatine,  and  lingual  tonsils  have  already  been  described.     According  to  Waldeyer, 
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Fig.  60. — Horizontal  section'  through  the  laryngeal  part  of  the  pharynx  of  an  adult  male. 

Natural  size.     (J.  Symington.) 

The  section  is  opposite  the  base  of  the  arytenoid  cartilages  and  is  viewed  from  above. 

these  form  part  of  a  ring  of  lymphoid  tissue  encircling  the  pharynx.  From  the 
pharyngeal  tonsil,  the  lymphoid  tissue  passes  round  the  opening  of  the  auditory 
tube  (tubal  tonsil),  then  downwards  over  the  soft  palate  to  the  palato-pharyngeal 
arch,  and  forwards  to  the  palatine  tonsil,  from  which  it  crosses  the  tongue  as  the 
lingual  tonsil  to  the  opposite  palatine  tonsil,  and  thence  up  to  the  pharyngeal  tonsil. 
Blood-vessels,  lymphatics,  and  nerves — The  pharyngeal  wall  is  sup- 
plied by  numerous  branches  derived  directly  or  indirectly  from  the  external  carotid 
artery  :  namely — the  ascending  pharyngeal,  the  superior  laryngeal  branch  of  the 
superior  thyroid,  the  dorsales  lingua?  of  the  lingual,  the  ascending  palatine  and 
tonsillar  of  the  external  maxillary,  and  the  descending  palatine  of  the  interna  I 
maxillary.  The  lymphatics  of  the  soft  palate  and  the  palatine  tonsils  have  already 
been  described  in  connexion  with  the  account  of  these  structures.  The  lymphatics 
of  the  rest  of  the  pharynx  form  a  rich  submucous  plexus,  from  which  two  sets  of 
vessels  arise  on  each  side.  The  upper  set  ends  in  a  gland  (see  fig.  3)  situated  behind 
the  superior  constrictor  muscle  and  in  front  of  the  longus  capitis  muscle.  An 
infection  of  this  gland  is  stated  to  be  a  common  cause  of  retro-pharyngeal  abscess. 
The  lower  set  of  vessels  converges  towards  the  thyro-hyoid  membrane,  which  they 
pierce  to  end  in  the  glands  placed  in  front  of  the  bifurcation  of  the  common  carot  i<  I 
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veins  form  a  peripharyngeal  plexus  on  the  posterior  and  lateral  walls 

mil  from  tins  plexus  the  U I  passes  into  the  internal  jugular  veins. 

nerves  of  the  pharynx  are  derived  from  the  maxillary  division  of  the 
in]  petrosal  of  the  facial,   the  glossopharyngeal,  and 
nor  laryngeal  '>f  the  vagus.    The  constrictor  muscles  of  the  pharynx 
i]  plied  by  the  pharyngeal  and  inferior  laryngeal  branches  of  the  vagus. 

p.c  uii. u  -mi  m  seeertflng  to  uur.      \i  birth,  the  posterior  edge  of  the  nasal  septum  is  nearly 

■  -pharynx  has  J]  71  rtioal  diameter ;  the  oro-  pharynx  is  opposite 

[pitaland  the  anterior  aroh of  the  atlas,  and  the laryago- pharynx 

the  upper  too  I  \'  rtebrte.     This  high  position  of  the  pharynx  is  due  to 

nt  of  the  facial  pari  of  the  skull.     As  this  part  of  the  skeleton 

I  ;lt   proportions,  the   palate,  tongue,  larynx,  and  pharynx  descend  until 

the  pharynx  and  larynx  are  opposite  the  lower  border  of  the  sixth  cervical 

i  I  two  i  iinl  two  intervertebral  disks  as  compared  with  their 

.it  birth.     Ti  I  i-  very  gradual,  and  is  not  completed  until  after  puberty. 

Varieties.     The  principal  variations  of  the  pharynx  are  due  to  the  abnormal  persistence 

ral  1 1.  fta  or  irregularitii  -  in  thi  ir  position.     Various  cases  of  this  have  been  described 

diverticula    or   cervical    fistula    -  i     l\.   von  Kostanccki,  'Zur  Kenntnis  der 

Menschen  mil    besonderer  Beriicksichtigung  der  Divertikelbildungen  iin 

'<■>■.  i ;    I'.il.  i\\  ii..   1SS0). 


I  L'BUS   DIGESTORIUS. 

I    ■    portion  of  the  alimentary  canal  !•  \ten i ling  from  the  commencement  of 
hagus  to  the  anus  is  known  as  the  tubus   dig-estorius.      The  lumen 

-•'  Ganglion  of  plexus  myentericus 


-l/.v    , 


Serous  coat 
•  Mesentery 


,_'M .'..-Longitudinal 
\Jy~i  •'■  ,    '■'■,}■/  muscular  layer 


■ 


Circular  muscular  layer 

i»    01    TUBUS    IU0ESTORIUS. 


(Sobolta.) 


a  wall  composed   from  within  outwards  of  a  mucous 

i   layei   ol   loose  areolar  tissue  (tela  submucosal  and 

"''"•-'•     Along  the  greater  length  of  the  tube  there 

"   derived  f'-m  the  peritoneum  (fie.  61). 

•    muscular  coal  I 7  a  small  amount  of  areolar 

Where  the  seroue  coal   is  absent,  a  layer  of  connective 

•  [tunica  adveniiiia). 
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OESOPHAGUS. 

The  cesophagrus  or  g-ullet  is  the  part  of  the  alimentary  canal  leading  from 
the  pharynx  to  the  stomach.  It  commences  at  the  level  of  the  lower  border  of  the 
cricoid  cartilage,  opposite  the  disk  between  the  sixth  and  seventh  cervical  vertebrae, 
and  passes  downwards  through  the  lower 
part  of  the  neck  into  the  thorax.  In  this 
cavity  it  lies  in  the  superior  and  pos- 
terior rnediastina,  and  then  piercing  the 
diaphragm  it  enters  the  abdomen,  and, 
after  a  very  short  course  in  this  cavity, 
joins  the  stomach  at  the  level  of  the 
eleventh  thoracic  vertebra.  The  oesopha- 
gus may  therefore  be  divided  into  four 
parts — cervical,  mediastinal  or  thoracic, 
diaphragmatic,  and  abdominal. 

Dimensions. — The  length  of  the 
oesophagus  is  about  23  cm.  to  25  cm. 
As  the  distance  from  the  incisor  teeth 
to  the  lower  end  of  the  pharynx  is  about 
15  cm.,  the  total  length  of  the  portion 
of  the  alimentary  canal  extending  from  these  teeth  to  the  cardiac  orifice  of  the 
stomach  is,  on  an  average,  about  40  cm.  When  empty,  its  greatest  diameter 
is   about    20   mm.  ;    but  when    moderately    distended,    so   that    it    accpiires    a 


Fig.  62. — Horizontal  section  of  trachea, 
(esophagus,  and  thyroid  body.  (j. 
Symington. ) 

1,  cesophagus  ;  2,  cavity  of  trachea  ;  3,  cartila- 
ginous ring  of  trachea  ;  4.  thyroid  body ;  5, 
inferior  thyroid  artery ;  6,  inferior  laryngeal 
nerve. 
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Fig.  63. — Horizontal  section  of  the  cesophagus,  trachea,  aortic  arch,  etc..  at  the  level  of  the 
fifth  thoracic  vertebra,  viewed  from  above.     Natural  size.     (J.  Symington.) 


cylindrical  form,  its  diameter  varies  from  18  mm.  to  24  mm.  The  cesophagus 
is  usually  described  as  presenting  three  constrictions,  with  slight  and  elongated 
dilatations  between   them :    the     first    constriction    is    at    its    commencement, 
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the  second  close  to  the  bifurcation  "f  the  trachea,  where  the  oesophagus  lies 
against  the  aortic  arch,  and  the  third  a1  the  place  whereil  pierces  the  diaphragm. 
i  usually  flattened  Erom  before  backwards,  so  thai  its  lumen  appears  as 
a  transverse  alii  (see  fig.  62)  ;  bu1  occasionally,  for  some  little  distance  above  the 
diaphragm,  it  is  rounded  with  the  cavity  stellate  in  form  (fig.  64). 

Direction,      [ts  course  is  nol  quite  vertical,  but   has  three  slight  curvatures. 
One  of  these  is  in  the  sagittal  plane,  and  corresponds  with  thai  of  the  front  of  the 
bral  column  as  far  down  as  about  the  seventh  thoracic  vertebra,  where  the 
GBSophagus  usually  begins  to  leave  the  spine  and  pass  in  front  of  t  he  ami  a.     Some- 
times, however  (as  seen  in  figs.  IT1' and  171).  the  descending  aorta  lies  against  the 

left  side  of  the  vertebral  column,  and 
the  oesophagus  continues  in  close  re- 
lation with  the  bodies  of  the  vertebra? 
until  the  level  of  the  eighth  or  ninth 
vertebra.  The  other  two  curvatures 
are  in  the  coronal  plane ;  for  the 
oesophagus,  commencing  in  the  median 
line,  inclines  to  the  left  side  as  it 
descends  to  the  root  of  the  neck  ; 
thence  to  the  fifth  thoracic  vertebra  it 
gradually  resumes  the  median  position  ; 
and  finally,  it  deviates  again  to  the 
left,  at  the  same  time  coming  forward 
towards  the  oesophageal  opening  of 
the  diaphragm.  After  piercing  the 
diaphragm,  it  turns  abruptly  towards 
the  left  side  to  join  the  stomach. 

Relations.—  The  only  cervical 
vertebra  behind  the  oesophagus  is 
the  seventh ;  but  as  the  top  of  the 
sternum  is  opposite  the  upper  border  of  the  third  thoracic  vertebra  the  cervical 
pari  of  the  oesophagus  is  sometimes  considered  to  be  anterior  to  the  last 
cervical  and  upper  two  thoracic  vertebras.  It  is  connected  with  these  bones 
and  with  the  longus  colli  muscle  by  loose  areolar  tissue.  At  first  the  oesophagus 
lies  directly  behind  the  trachea,  but,  as  it  descends,  it  gradually  inclines  to 
the  left.so  thai  it  projects  to  the  left  of  the  trachea,  and  has  in  front  of  it  the 
left  inferior  laryngeal  nerve, which  is  ascending  on  the  side  of  the  trachea  to  the 
larynx.  The  lateral  relations  of  the  upper  pari  of  the  cervical  portion  of  the 
oesophagus  are  the  lateral  lobes  of  the  thyroid  body  (see  fig.  62),  the  oesophageal 
branches  of  tin-  inferioi  thyroid  artery,  and  the  inferior  laryngeal  nerves,  with  the 
common  carotid  arteries  farther  out.  On  the  left  side  are  also  found  the  thoracic 
duct,  left  subclavian  artery,  and  hit  pleura.  In  the  thorax,  the  oesophagus  is 
ely  covered  in  front,  by  the  lower  part  of  the  trachea,  by  the  commence- 
ment of  the  left  bronchus,  and  by  the  heart  and  pericardium  and  the  diaphragm. 
I  orta,  exn.pt  near  the  diaphragm,  where  the  oesophagus  is  in  front  of  the  vessel, 
lies  to  the  left.  ;,,id  the  vena  azygos  (major)  to  the  righl  and  behind  ;  the  vagi  nerves 
nd  in  close  contact  with  it.  sides,  and  form  a  plexus  around  it,  the  left  nerve 
jradually  to  the  front,  and  the  righl  nerve  retiring  behind  it,  In  the 
superior  mediastinum  the  l,.(t  pleura  lies  close  to  its  left  side,  while  lower  down. 
in  the  posterior  -  num,  the  eight  pleura   is  in  relation  with  its  right  side, 

and   often    extends    inwards    Blightly    behind   it.     Lastly,   just   before  it  pierces 
gm,  the  oesophagus  is  in  contact    with  both  pleura;  (fig.  64).     The 


64      Boaizom  u,  si sr  oi 

\I>    THORACIC    AORTA    AT     THI      LEVEL     OF    THE 
NINTH    THORACft     \  i.KTEBRA.      (J,    Symington.) 

1.   ■  :    •_'.   ilvscrmliiii;         1 1        .',.   thoracic 

duct;  I.  '.■hi  azygos  receiving  a  tributary  from 
the  left  side;  6,  bodj  oi  vertebra;  ii.  pleura;  7, 
diaphragm. 


(ESOPHAGUS 


59 


posterior  surface  of  the  oesophagus  is  close  to  the  bodies  of  the  seventh  cervical 
and  upper  seventh  to  tenth  thoracic  vertebrae,  below  which  it  passes' to  the  front  of 
the  thoracic  aorta.  In  about  the  mid-thoracic  region,  the  thoracic  duct  ascends 
obliquely  behind  it  from  right  to  left. 

On  the  right  side,  and  near  the  lower  end  of  the  thoracic  part  of  the  oesophagus,  may  some- 
times be  found  a  small  closed  serous  sac — the  bursa  infra-cardiaca — which  represents  tin- 
detached  upper  part  of  the  recessus  pneumo-enterieus  dexter  (Broman,  Die  Entwick.  <l<  f 
Bursa  Omentalis,   1904). 

STRUCTURES    OF    THE    CESOPHAGUS. 

The  walls  of  the  gullet  are  composed  of  three  coats  :  namely — an  external  or 
muscular,  a  middle   or  areolar,  and  an  internal  or  mucous  coat.     Outside  the 
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Fig.  65. — View  of  the  septum  mediastinale  prom  the  eight  lateral  aspect.     One-third  natural  size. 

(J.   Symington. ) 


muscular  coat  there  is  a  layer  of  loose  areolar  tissue  with  well-marked  elastic  fibres, 
which  facilitate  the  distension  and  collapse  of  the  (esophagus. 

The  muscular  coat  consists  of  an  external  longitudinal  layer  (seen  in  section  in 
fig.  67,  b),  and  an  internal  circular  layer  (c).  This  twofold  arrangement  of  the 
muscular  fibres  prevails  throughout  the  whole  length  of  the  alimentary  canal  : 
but  the  two  layers  are  here  much  thicker,  more  uniformly  disposed,  and  are  more 
evident  than  in  any  other  part  of  the  digestive  tube,  except  the  anal  (anal.  The 
external  or  longitudinal  fibres  arise  by  a  fiat  tendon  from  the  back  of  the  cricoid 
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cartilage1  al  the  prominent  ridge  between  the  posterior  cricoarytenoid  muscles, 
and  its  fibres  spread  <>ut  on  the  gullet  as  they  descend,  and  soon  form  a  continuous 
layer  around  the  tube.  Those  fibres  which  are  going  to  the  back  of  the  oesophagus 
wind  round  the  side  and  join  posteriorly  about  -  cm.  to  3  cm.  below  the  cricoid 
cartilage,  Leaving  a  triangular  area  on  the  upper  part  of  the  posterior  surface  of 
the  oesophagus,  which  is  almost  destitute  of  longitudinal  fibres.  Abel  describes 
.1  corresponding  area  on  the  anterior  surface  of  the  oesophagus.  Only  a  few  of 
the  longitudinal  fibres  join  the  inferior  constrictor  muscle.     The  internal  or  circular 
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'''"'"-  "'■  Cached  in  front  to  the  baci  of  the  cricoid  cartilage,  and  partly  blend 
u".11  ,i|r  lowes<  fib*es  "f  the  inferior  constrictor  of  the  pharynx.  The  rings 
"hu]'  1|"'V  f'""1  around  the  ml,,  have  a  horizontal  direction  at  its  upper  and 
l"v"'1  Part>  '""  ;n  ,l'"  intervening  space  are  slightly  oblique.  At  the  lower  end. 
both  layers  of  fibres  become  continuous  with  those  of  the  stomach. 

The  muscular  coat  of  the  upper  end  of  the  o  sophagus  is  of  a  well-marked  red 

colour,  and  consists  wholly  of  striped  muscular  fibres  ;  these  are  gradually  replaced 

by  plain  muscular  fibres,  so  thai  these  an.  almost  the  only  kind  found  in  the  lower 

'  "f  ,!l"  ,"1"--     A  fe*  Griped  fibres  may,  however,  be  found  even  at  the  lower 

Qd,  a,„l  m  some  annual-  the)  preponderate  throughout  the  whole  length  of  the 

tul»..  ° 
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The  longitudinal  fibres  of  the  oesophagus  are  sometimes  joined  by  a  broad  band  of  smooth 
muscle  passing  from  the  left  pleura  (m.  pleuro-cesophagus),  and  sometimes  also  by  another 
from  the  left  bronchus  (m.  broncho-cesophagus).  According  to  Cunningham  ('Note  on  the 
Broncho-cesophageal  and  Pleuro- oesophageal  Muscles,'  Jour.  Anat.  and  Phys.,  vol.  x.,  1876),  the 
former  is  almost  constantly  present,  and  the  latter  very  frequently. 

The  areolar  or  submucous  coat  is  placed  between  the  muscular  and  mucous 


coats,  and  connects  them  loosely  together, 
considerably    in    thickness,  and  in  it  are 
contained   the  mucous    glands  (fig.  67,  h), 
which  open  on  the  mucous  membrane. 

The  mucous  membrane  is  of  firm 
texture,  and  is  paler  in  colour  than  that 
of  the  pharynx  or  stomach,  and  the  whole 
is  covered  with  a  thick,  stratified,  scaly 
epithelium.  From  its  loose  connexions, 
its  outer  surface  is  freely  movable  on  the 
muscular  tunic  ;  and  under  ordinary  cir- 
cumstances the  mucous  lining  is  thrown 
into  longitudinal  folds  or  rugae,  which  are  in 
mutual  contact.  These  folds  disappear  on 
distension  of  the  canal. 

The  small  compound  racemose  or 
tubulo-racemose  glands,  named  oesophageal 
glands,  which  are  for  the  most  part  seated 
in  the  submucous  tissue,  are  specially 
numerous  at  the  lower  end  of  the  tube. 
A  few  of  the  smallest  are  situated  in  the 
substance  of  the  mucous  membrane. 
The  cells  of  these  glands  are  columnar. 
Their  ducts  are  usually  surrounded  by 
collections  of  lymphoid  tissue  as  they  pass 
through  the  mucous  membrane. 


It  exceeds  the  mucous  membrane 


Fig.  67. — Section  of  the  human  oesophagus. 
Moderately  magnified.  (From  a  drawing 
by  V.  Horsley.) 

The  section  is  transverse,  and  from  near 
the  middle  of  the  gullet,  a,  fibrous  covering  ; 
6.  divided  fibres  of  the  longitudinal  muscular 
coat ;  c,  transverse  muscular-fibres ;  d,  sub- 
mucous or  areolar  layer  ;  c,  muscularis  mucosa?  ; 
/,  mucous  membrane,  with  vessels  and  part  of  a 
lymphoid  nodule  ;  g,  laminated  epithelial  lining ; 
h,  mucous  gland;  i,  gland  duct;  m',  striated- 
muscular  fibres  cut  across. 


The  mucous  membrane  is  bounded 
next  to  the  submucous  coat  by  longi- 
tudinally disposed  plain  muscular  fibres, 
which,  imperfect  above,  form  a  continuous 
layer  towards  the  lower  end  of  the  tube 
(muscularis  mucosa?,  e). 

Blood-vessels,  lymphatics,  and  nerves. — The  arteries  of  the 
oesophagus  consist  of  a  series  of  small  vessels  derived  from  the  inferior  thyroid, 
descending  aorta,  left  inferior  phrenic,  and  left  gastric ;  these  branches  anastomose 
together.  The  veins  pass  to  the  inferior  thyroid,  azygos,  and  coronary  of  stomach  ; 
the  submucous  veins  at  the  lower  part  of  the  oesophagus  form  a  free  communica- 
tion between  the  portal  and  systemic  veins,  and  become  dilated  in  cases  of 
obstruction  to  the  circulation  through  the  liver. 

The  lymphatics  form  plexuses  in  the  submucous  and  muscular  coats,  and. 
after  piercing  the  oesophageal  wall,  the  vessels  often  run  for  some  little  distance 
longitudinally  in  the  peri-cesophageal  areolar  tissue.  The  submucous  plexus  of 
the  oesophagus  is  continuous  with  that  of  the  pharynx  above  and  the  stomach 
below.  The  lymphatic  vessels  from  the  upper  third  of  the  oesophagus  pass  to  the 
deep  cervical  and  paratracheal  glands,  from  the  middle  third  to  the  bronchial 
and  posterior  mediastinal,  and  from  the  lower  third  to  the  cardiac.    A  small  amount 
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of  lymphoid  tissue  is  presenl  in  the  walls  of  the  oesophagus,  especially  in  the 
neighbourhood  >>f  tin'  mucous  glands.  The  nerves  are  derived  from  the  inferior 
laryngeal-,  vagi,  and  sympathetic.  The  nerves  form  a  gangliated  plexus 
between  tin-  two  layers  of  the  muscular  coat  and  also  in  the  submucous  coat. 
Variations  according-  to  agre. — At  birth,  the  oesophagus  is  about  10  cm. 
and  will  admit  id. tic  passage  of  a  catheter  5  mm.  in  diameter,  while  the 
distance  from  the  alvei  lar  border  of  the  jaw  to  the  cardia  is  about  17*5  cm. 
The  oesophagus  becomes  gradually  relatively  shorter  in  relation  to  the  vertebral 
column  between  birth  and  the  twentieth  year.  This  shortening  is  associated 
witli  the  descent  of  the  pharynx,  and  a tVccts  especially  the  cervical  part  of  the 
oesophagus.     The  caudal  end  probably  tends  to  sink  in  old  age. 

Varieties.  'I'h.-  upper  part  of  the  (esophagus,  as  a  rare  malformation,  communicates  with 
the  trachea  by  a  oongenital  fistula  due  to  an  arrest  of  the  developmental  process  by  which  this 
pari  "f  the  foregul  becomes  divided  into  an  alimentary  and  a  respiratory  tube.  This  condition 
may  !»•  associated  with  an  atresia  of  the  upper  end  of  the  oesophagus.  Diverticula  occasionally 
occur,  especially  on  the  posterior  wall,  and  the  (esophagus  may  become  considerably  dilated 
tbove  the  place  where  it  pierces  the  diaphragm.  When  the  heart  is  small  and  the  lungs 
emphysematous,  the  mediastinal  portion  of  the  (esophagus  may  be  di  placed  forwards  and  lie 
in  a  posterior  mediastinal  mesentery  (see  A.  Keith.  Lancet,  March  7.  1903,  and  J.  S.  Dickey. 
Applied  Anatomy  of  tht  Lung*  and  Pleural  M<i  .  liill).    According  to  Schaffer,1  patches  of 

the  mucous  membrane  of  the  upper  part  of  the  oesophagus  are  frequently  found,  which  resemble 
in  structure  the  cardiac  part  of  the  stomach.  An  abnormal  right  subclavian  artery  may  pass 
from  left  to  right  behind  the  oesophagus. 

THE  ABDOMEN  AND  PELVIS. 

The  portion  oi  the  digestive  canal,  situated  beneath  the  diaphragm  and  con- 
sisting of  the  stomach  and  intestine,  occupies,  together  with  the  liver  and  pancreas, 
the  greater  part  of  the  abdomino-pelvic  cavity.  As  this  cavity  also  contains  the 
spleen,  the  Buprarenal  glands,  and  the  greater  part  of  the  genito-urinary  organs — 
structures  which  have  still  to  be  described — it  will  be  convenient  at  this  stage  to 
consider  the  external  form  of  the  abdomen  and  pelvis,  the  shape  of  their  cavities, 
and  the  constitution  of  their  walls. 

ABDOMINO-PELVIC    WALLS. 

The  abdomen  and  pelvis  do  not  present  definite  external  landmarks  separating 
them  from  the  thorax  above  and  the  inferior  extremities  below,  as  the  skeletal 
walls  of  the  thorax  reach  considerably  below  the  level  of  the  diaphragm,  which 
divides  the  thoracic  from  the  abdominal  cavity,  and  numerous  muscles  belonging 
to  the  lower  limbs  arise  from  the  superficial  surface  of  the  pelvic  wall.  Further, 
owing  to  the  extension  upwards  of  the  ossa  ilia  on  the  lateral  and  dorsal  aspects 
to  a  much  greater  beighl  than  the  lower  part  of  the  abdominal  cavity,  the 
upper  pari  of  the  gluteal,  and  other  muscles  of  the  lower  limb,  arising  from  the 
ilia,  overlap  the  abdominal  cavity.  In  the  interval  between  the  thoracic  and 
pelvic  walls,  there  is  an  area  formed  of  muscular  and  connective  tissue  and'devoid 
of  any  osseouf  support,  except  posteriorly,  where  the  lumbar  part  of  the 
vertebral  column  is  found.  Viewed  bom  I  be  front,  this  area  is  of  large  size,  and 
somewhat  diamond-shaped  outline  to  the  thoracic  wall  extending 
much  farther  downward--  at  the  sides  than  in  front  and  ro  a  corresponding  ascent 
oi  the  lateral  pelvic  wall.      In  this  area  is  situated  the  anterior  abdominal  wall 

proper,   which   va -    iderably   in   shape    and   appearance  according  to  the 

of  its  prot  ru-ioii  or  retraction,  the  amount  of  subcutaneous  fat,  and  the 

enl  of  its  muscular  development. 

•bcren  kardiulen  (Esophagusdrusen  und  ihre  Entstehung,'  Arch.  f.  path.  Anatomie,  Bd.  177,  1904. 
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A  tendinous  interval,  known  as  the  linea  alba,  extends  in  the  median  line  from 
the  sternum  to  the  pubes,  between  the  two  recti  muscles  of  the  abdomen.  The 
position  of  the  linea  alba  may  be  marked  in  the  living  body  by  a  furrow  from 
the  sternum  to  the  umbilicus  ;  below  this,  the  groove  becomes  indistinct  owing  to 
the  close  approximation  of  the  two  recti  muscles  and  the  larger  amount  of  fat  in  the 
lower  part  of  the  abdominal  wall.  At  the  upper  end  of  the  linea  alba,  the  lower 
end  of  the  body  of  the  sternum  can  be  felt  between  the  sternal  ends  of  the  seventh 
costal  cartilages.  This  point  is  at  the  level  of  the  tenth  thoracic  vertebra ;  the 
ensiform  process,  which  projects  below  it,  may  reach  to  the  disk  between  the 
eleventh  and  twelfth  thoracic  vertebra*.  The  average  position  of  the  umbilicus 
is  opposite  the  fourth  lumbar  vertebra,  and  the  top  of  the  pubic  symphysis  is  at 
the  level  of  the  first  or  second  piece  of  the  coccyx. 

The  two  recti  muscles  form  prominences  which  are  broader  above  than  below, 
and  are  marked  by  three  transverse  grooves  corresponding  to  the  tendinous  inter- 
sections (linea?  transversa?)  of  these  muscles.  The  outer  border  of  each  rectus 
muscle  is  indicated  by  a  depression  called  the  linea  semilunaris,  which  joins  the 
thoracic  wall  opposite  the  eighth  costal  cartilage. 

Between  the  semilunar  lines  in  front  and  the  depressions  external  to  the  erectores 
spina?  behind,the  abdominal  wall  is  formed  on  each  side  mainly  by  the  three  muscular 
sheets,  known  as  the  external  oblique,  internal  oblique,  and  the  transverse  muscles 
of  the  abdomen.  This  part  of  the  trunk  is  usually  slightly  constricted,  and  forms 
the  waist.  The  vertical  extent  of  the  non-skeletal  part  of  the  abdominal  wall  is 
least  on  each  side  between  the  tenth  or  eleventh  costal  cartilages  above  and  the 
iliac  crest  below ;  and  here,  as  a  rule,  it  corresponds  to  the  level  of  the  bodies  of 
the  third  and  fourth  lumbar  vertebrae. 

Posteriorly,  the  lumbar  vertebra?,  with  the  erector  spina?,  quadratus  lumborum, 
and  psoas  muscles  on  each  side,  form  a  broad  thick  mass,  which  effectually  prevents 
any  palpation  of  the  abdominal  organs  or  direct  surgical  access  to  the  abdominal 
cavity  within  a  region  bounded  by  the  lateral  borders  of  the  two  erectores  spina?. 

ABDOMINO-PELVIC  CAVITY. 

The  abdomino-pelvic  cavity  is  a  large  space,  bounded  by  walls  composed  of 
muscular  and  connective  tissue,  and  supported  in  certain  situations  by  osseous  ele- 
ments. The  cavity  contains  the  abdomino-pelvic  viscera,  numerous  blood-vessels, 
and  a  large  serous  sac  known  as  the  peritoneum.  A  layer  of  connective  tissue, 
often  infiltrated  with  fat,  and,  except  in  some  places,  a  layer  of  parietal  peritoneum, 
intervenes  between  the  muscular  wall  and  the  contents  of  the  cavity.  The  cavity  is 
subdivided  into  two  parts  :  an  upper  or  larger  part,  the  abdomen  properly  so  called 
(cavum  abdominis),  and  a  lower  or  pelvic  portion  (cavum  pelvis)  ;  the  junction 
between  these  two  divisions  being  marked  circumferentially  by  the  brim  of  the 
true  pelvis.  As  the  space  below  the  plane  of  this  brim  is  bounded  to  a  large  extent 
by  rigid  bony  walls,  while  that  above  it  readily  admits  of  distension,  the  distinction 
between  the  two  cavities  is  of  great  importance  in  connexion  with  the  mechanism 
of  pregnancy  and  child-birth.  On  the  other  hand,  owing  to  the  marked  obliquity  of 
the  pelvis,  by  far  the  greater  part  of  the  pelvic  cavity  is  situated  above  a  horizontal 
plane  corresponding  to  the  top  of  the  pubic  symphysis,  and  is  bounded  in  front  by 
the  anterior  abdominal  wall ;  so  that  for  physical  examination  and  operative  work, 
a  division  of  the  abdomino-pelvic  cavity  into  an  abdominal  and  a  pelvic  portion 
is  largely  a  theoretical  one.  Further,  these  two  cavities  communicate  freely  with 
one  another  ;  they  have  a  common  peritoneal  space,  and  certain  parts  of  the 
alimentary  canal  pass  with  facility  from  one  to  the  other,  while  the  bladder  and 
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uterus  may  extend  upwards  into  the  abdomen.    For  these  reasons,  we  will  consider 
the  two  spacea  together. 
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]  AND  68A. — A   SEHI1  -    ill     tin   BTI  I  B     llul.I/i.M.M,    SECTIONS   THBOUOH  THE  ABDOMEN    AND   PELVIS   OT 

a  mv\  aged  fifty  years.     (J.  Symington.) 

I  be  sections  are  about  2-5  cm.  npart;  in  each,  only  the  wall  is  drawn,  the  cavity  being  left  blank.     They 

wed  from  above  and  red  •  -sixth  natural  size.      The  annus  in  front,  of  each  section  indicate 

;'      right,  and  left   lateral  lines  on  the   anterior  abdominal  wall.     No.  5  section  passed  through 

the  u  •  ■!  dish  between  the  second  and  third  lumbar  vertebrae;  no.  6  through  the  disk  between 

■  it  I  and  fourth  lumbar,  and  no.  9  through  the  disk  betwi  en  the  fifth  lumbar  and  first  sacral. 

As  the  walls  of  the  abdomino-pelvie  cavity  vary  greatly  in  thickness  and  in 
the  extent  to  which  they  yield  to  changes  in  intra-abdominal  pressure,  the  external 
form  of  the  abdomen  affords  a  very  imperfect  indication  of  the  shape  of  its  cavity. 
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The  form  of  the  abdomino-pelvic  cavity  may  be  demonstrated  by  serial  sections 
in  different  planes  ;  by  hardening  the  contained  viscera  in  situ  and  fixing  them 
together  after  removal  of  the  abdominal  wall ;  or  by  taking  moulds  of  the  parietal 
surfaces  of  the  viscera  exposed  over  limited  areas  and  making  a  cast  from  the 
various  moulds.  By  the  two  last-mentioned  methods  we  obtain  preparations 
which  are  equivalent  to  casts  of  the  cavity. 

Shape  illustrated  by  serial  sections. — An  examination  of  a  series  of 
horizontal  sections  (see  figs.  68  and  68a)  will  show  that  towards  the  upper  part  of 
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Fig.  68a. 

the  abdomen  (2  and  3  of  fig.  68)  the  cavity  is  kidney-shaped  with  the  long  axis  trans- 
verse. The  hilum,  formed  by  the  forward  projection  of  the  vertebral  bodies,  covered 
by  the  diaphragm,  separates  two  deep  hollows.  The  outline  of  the  cavity  becomes 
gradually  modified  from  this  level  down  to  the  last  lumbar  vertebra,  owing 
mainly  to  the  appearance  and  gradual  increase  of  the  psoas  muscles,  which  lie  one 
on  each  side  of  the  bodies  of  the  lumbar  vertebrae.  The  mass  projecting  forwards 
towards  the  abdominal  cavity,  opposite  the  fourth  and  fifth  lumbar  vertebrae 
(7  and  8  of  fig.  68),  is  fully  double  the  breadth  of  that  at  the  first  lumbar.  This 
increase  tends  to  diminish  the  size  of  the  abdominal  cavity,  and  makes  its  outline 
somewhat  crescentic.  At  the  fifth  lumbar  (8  of  fig.  68),  the  psoas  muscles  begin 
to   pass   laterally   from   the    body   of   the  vertebra ;    their  separation  from  the 
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vertebral  column  is  still  more  marked  al  the  disk  between  the  fifth  lumbar  and 
first  sacral ;  while,  opposite  the  upper  pari  of  the  sacrum  (11  of  fig.  08a),  they  form 
with  the  iliac  muscles  the  lateral  walls  <>f  a  recess  hounded  behind  bv  the 
sacrum.  Prom  this  level,  downwards,  the  cavity  rapidly  alters  in  shape,  its 
transverse  diameter  diminishing  owing  to  the  disappearance  of  the  iliac  fossae, 
and  the   antero-posterior  diametei   increasing  in  consequence  of  the  backward 


Fio.  69. 

!  B9A. A      -11:11-.     01       FOUB     SAGITTAL     -LOTIONS     OF     THE     AI1DOMEN     AND     TELVIS    OF   A    MAX 

lOBD   rosTl    STBABS.     One-fourth  natural  size.      (J.  Symington.) 

\-  I  lian  plane;   B.  3-6  cm..  C,  6  cm.,  and  D,  9  cm.  to  the  left  of  the  median  plane.     All 

viewed  from  tl»-  left  lateral  aspect. 

Blope  <>f  the  sacrum.  Below  the  level  of  the  top  of  the  pubic  symphysis,  the  pelvic 
cavity  becomes  distinctly  funnel-shaped,  with  the  narrow  end  at  the  pelvic  floor. 
The  posterior  wall  oi  the  abdomen,  and  the  boundaries  of  the  pelvic  cavity, 
being  formed  of  bones  ami  powerful  muscles, do  not  yield  to  any  appreciable  extent 
to  increased  intra-abdominal  pressure.  On  the  other  hand,  the  anterior  abdominal 
wall  being  much  thinner  and  almost  destitute  « if  any  bony  support,  maybe  retracted 
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so  as  nearly  to  touch  the  front  of  the  vertebral  column  or  pushed  forwards  so  as 
to  become  separated  from  it  by  a  considerable  interval  (see  fig.  70). 

The  four  sagittal  sections  in  figs.  69  and  69a  illustrate  the  great  vertical  extent 
of  the  abdomino-pelvic  cavity,  as  compared  with  its  antero-posterior  diameter,  in 
a  subject  in  which  the  anterior  abdominal  wall  is  slightly  retracted  between  the 
sternum  above  and  the  pubes  below.  In  this  case,  the  cavity  extends  upwards  in  the 
median  plane  (A)  to  the  level  of  the  disk  between  the  tenth  and  eleventh  thoracic 
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Fig.  69a. 


vertebra?,  and  downwards  slightly  beyond  a  line  uniting  the  lower  border  of  the 
pubic  symphysis  with  the  tip  of  the  coccyx — a  distance  of  42  cm.,  while  the  median 
sagittal  diameter  is  only  3  cm.  at  the  umbilicus,  7  cm.  opposite  the  twelfth  thoracic 
vertebra,  and  has  its  maximum  of  12  cm.  at  the  level  of  the  lower  part  of  the  sacrum. 
In  section  B,  which  is  3"5  cm.  to  the  left  of  the  median  plane,  the  posterior  abdominal 
wall  is  divided  lateral  to  the  bodies  of  the  lumbar  vertebras,  but  through  all  their 
transverse  processes.  The  cavity  here  has  an  hour-glass  form  somewhat  similar 
to  that  in  the  median  plane.  The  constriction  of  the  cavity  opposite  the  region 
of  the  umbilicus  is  due  to  the  psoas  muscle.  Section  C  passes  through  the  left 
lateral  plane  of  the  abdomen,  which  is  6  cm.  from  the  median  plane.  The  cavity 
is  here  triangular  in  outline,  with  its  convex  base  above,  and  has  a  nearly  vertical 
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anterior  wall,  ami  a  posterior  boundary,  sloping  obliquely  from  above  downwards 
and  forwards  to  meet  the  anterior  wall  at  an  acute  aicle  a  little  above  the  inguinal 
(Poupart's)  ligament.  In  this  section,  the  pari  of  the  cavity  above  the  upper 
transverse  abdominal  plane  of  Addison  (tj>  in  fig.  6V>)  lies  under  cover  of  the 
thoracic  wall,  reaohing  bo  the  level  of  the  fifth  costal  cartilage  in  front  and  the 
lower  border  of  the  tenth  rib  behind.  It  is  in  this  plane  that  the  upper  part, 
of  the  abdominal  cavity  attains  its  maximum  antero-posterioT  diameter,  which 

measured  13  cm.  In  section  D,  which  passes  through  the  nipple  and  about 
2'5  cm.  on  the  median  side  of  the  anterior  superior  iliac  spine,  the  abdominal  cavity 

i it s  the  same  general  shape  as  in  section  C,  but  is  smaller.     The  iliac  fossa 


70.— A    HORIZONTAL  SECTION    OB    \   «l\.    M3ED     FIFTY    YEARS,    \  r    Tin;    LEVEL   OB    THE    FOURTH  LUMBAR 
VERTEBRA    [NO.    7    01     SERIES    l\    PIG.    68)    WITH    A   SECTION     vi     Tin:    SAME    LEVEL    FROM    EYCLESHYMER 

imi  schoxmaksb's   '  obo — bctiok    lnatomy.'    (J.  Symington.) 

The  section  of  the  man  aged  fifty  is  striped,  and  the  other  dotted  ;  while  both  are  reduced_to  the  same 
scale. 

ivided  lateral  to  the  psoas  muscle  and  in  front  of  the  iliacus  muscle.     The 
OD  sImws  what  a  small  anterioposterior  diametci   the   abdominal  cavity  may 
have  in  this  region. 

We  have  already  seen  from  two  horizontal  sect  ions  (fig.  70)  that  the  abdominal 

cavity  may  be  increased  by  a  protrusion  of  the  anterior  abdominal  wall :  this  increase 

is  still  more  strikingly  illustrated  by  a  comparison  of  two  median  sagittal  sections 

fig.  71).  from  which  it  may  be  seen  that  the  lower  part  of  the  chest  wall  is  also 

pushed  forwards  when  the  abdomen  is  distended. 

The  shape  of  the  abdomino-pelvic  cavity  in  a  coronal  section,  passing  anterior 
to  the  vertebral  column,  is  shown  in  fig.  '-.  Tt  illustrates  the  vaulted  character 
of  the  roof,  the  degree  to  which  the  abdominal  cavity  extends  upwards  internal 
to  the  ribs,  the  comparatively  narrow  area  at  the  sides  between  the  ribs  and  the 
and  the  way  in  which  the  transverse  diameter  of  the  lower  part  of  the  abdomen 
is  diminished  by  the  iliopsoas  muscles. 

Shape  illustrated  from  contents. — The  general  form  of  the  abdomino- 
pelvic  cavity  is  well  shown  in  specimens  or  casts  of  its  whole  contents  (see  figs.  73 
to   '  The  upper  and  larger  portion  of  the  mass  occupying  the  abdomino- 
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pelvic  cavity  has  its  longest  axis  vertical,  and  under  ordinary  conditions  its 
transverse  diameter  considerably  exceeds  its  antero-posterior.  Its  outline,  viewed 
from  the  front  or  the  back,  is  irregularly  quadrilateral,  with  sometimes  a  slight 
constriction  about  its  middle ;  while  seen  from  the  right  or  left  lateral  aspects,  it 
presents  a  triangular  contour  with  the  apex  downwards.  Continuous  with  the 
upper  part  of  the  contents  mass  is  a  lower  and  smaller  portion  which,  viewed 
from  the  front  or  back,  has  a  triangular  outline  with  a  blunt  apex  below,  and 


Fig.  71. — A  median  section  of  a  man  aged  forty  years,  and  a  section,  in  the  same  plane,  of 
a  man  aged  TWENTY-ONE  Y'EARS.  (Braune's  Topographische-anatomischer  Atlas,  tab.  1,  a.)  Both 
drawings  reduced  to  the  same  scale.     (J.  Symington.) 

In  the  man  aged  forty,  the  vertebral  column  and  anterior  abdominal  wall  are  striped,  and  arabic  numerals 
placed  behind  the  bodies  of  the  lower  thoracic  and  the  lumbar  vertebrae.  In  the  man  aged  twenty-one,  the 
vertebral  column  and  anterior  abdominal  wall  are  dotted  and  roman  numerals  placed  in  front  of  the  vertebras. 


from  the  sides  is  seen  to  be  directed  backwards  and  downwards,  so  that  its  axis 
forms  an  angle  of  about  60°  with  that  of  the  upper  portion  of  the  mass. 

The  upper  end  of  the  mass  is  convex  and  closely  applied  to  the  concave  under- 
surface  of  the  diaphragm,  and  it  must  of  necessity  vary  in  form  with  the  respiratory 
movements  of  this  muscle.  The  anterior  aspect  may  be  concave,  flat,  or  convex, 
according  to  the  degree  of  retraction  or  protrusion  of  the  anterior  abdominal 
wall.  The  posterior  aspect  of  the  mass  has  a  more  constant  and  characteristic 
appearance  than  the  anterior.  A  deep  median  groove  extends  from  above  down- 
wards as  far  as  the  junction  of  the  upper  and  lower  portions  of  the  abdomino-pelvic 
cavity,  where  it  becomes  continuous  with  a  surface  which  is  convex  from  above 
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In..  72. — Coronal  section  of  the  abdomen  and  pelvis  of  a  boy  aoed  ten  years. 
One-third  natural  size.     (J.  Symington.) 
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downwards  and  from  side  to  side.  The  median  groove  broadens,  and  becomes 
shallower,  as  it  descends  and  divides  below  into  two  lateral  depressions,  passing 
downwards  and  outwards.  Median  to  these  lateral  grooves,  the  abdominal  and 
pelvic  contents  become  continuous  with  one  another.     On  each  side  of  the  median 


Cardia 


Spleen 

L.  suprarenal 
gland 

L.  kidney 

Abd.  aorta 

L.  renal  artery 


Small  intestin 


Desc.  colon 
Inf.  mesenteric 

Small  intestine 
Spermatic  vessels 


Iliac  colon 


Liver 

Lob  us 
caudatus 


R.  suprarenal 
gland 


Inf.  vena  cava 


R.  kidney 

I 

I — Duodenum 


R.  colic  artery 


R.  ureter 


End  of  ileum 


Vermiform  appendix 

C'cec  um 


Rccto-vesical  pouch 


Pelvic  colon 

Ductus  deferens 


-R.  ureter 
P- — Rectum 

Ductus  deferens 
Rectal  flexure 


Ampulla  of  rectum 


Fig.  74.— The  abdomino-pelvic  viscera  of  a  man  aged  fifty-one  years,  viewed  from  behind. 

One-third  natural  size.     (J.  Symington.) 

groove,  the  abdominal  mass  presents  a  well-marked  eminence,  which  is  convex  from 
side  to  side,  but  diminishes  in  breadth  and  prominence  from  above  downwards. 
The  average  capacity  of  the  abdomino-pelvic  cavity  l  in  three  adult  males  was 
a  little  over  6,000  c.c,  and  about  two-thirds  of  this  space  was  situated  above  the 
level  of  the  umbilicus.     The  most  capacious  part  of  the  abdomen  is  opposite  the 


J.  Symington,  •  '['lie  Abdomino-pelvic  Cavity,'  Jour.  Aunt,  and  Phys.,  vol.  xvii.,  October  1912. 
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;  thoracic  and  upper  two  Lumbar  vertebra.  A  diminution  in  the  capacity  of 
the  abdominal  contents  of  an  individual  is  associated  with  a  retraction  of  the 
anterior  abdominal  wall,  and  an  increase  with  a  protrusion.  This  wall  yields 
most   readily   in   the    i # ■  >_r i i > 1 1  of   the    umbilicus,  which  is,  therefore,  the  seat  of 
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maximum  rel  rael  ion  or  protrusion.     If  the  protrusion  is  marked  and  associated 

with  a  lax  condition  of  the  abdominal  wall,  the  anteiior  wall  hangs  down,  forming 

o-called  pendulous  belly.     Additional  space  for  the  abdominal  contents  may 

also  be  obtained  by  an  elevation  of  the  lower  part  of  the  thoracic  wall  and  the 

diaphragm,  and  a  bulging  outwards  of  the  lateral  walls. 
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PERITONAEUM. 


The  peritoneum  or  serous  membrane  of  the  abdominal  cavity  is  by  far  the 
most  extensive  and  complicated  of  the  serous  membranes.  It  is  derived  from  the 
izitra-embryonic  ccelom — a  cavity  formed  by  the  splitting  of  the  ventral  laminae 
of  the  mesoblast  into  the  somato-pleure  and  splanchno-pleure  layers.  By  the  fusion 
of  the  somato-pleure  layers  on  the  ventral  aspect  of  the  body  wall,  the  cavity  becomes 
shut  off  from  the  extra-embryonic  ccelom.  In  the  male,  it  forms  a  closed  sac  ;  but  in 
the  female  each  of  the  two  oviducts  (tuba?  uterina?)  communicates  with  the  cavity 
by  a  small  aperture  (ostium  abdominale).  The  inner  surface  of  the  sac  becomes 
lined  by  a  layer  of  flat  cells,  called  endothelium,  which  makes  it  very  smooth.  The 
cavity  contains  a  small  quantity  of  fluid,  which  serves  to  lubricate  its  interior,  and 
thus  to  facilitate  the  movements  of  the  opposing  surfaces  of  the  membrane  upon  one 
another.  Outside  the  endothelium,  the  peritoneal  wall  is  composed  of  connective 
tissue  in  which  its  blood-vessels,  &c,  lie,  and  which  connects  it  with  adjacent 
structures.  Various  organs  are  developed  in  the  tissues  between  the  abdominal  wall 
and  the  lining  membrane  of  the  peritoneal  cavity,  mainly  on  the  dorsal  aspect. 
Where  such  organs  exist,  they  must  separate  the  peritoneum  from  the  abdominal 
wall  and  become  covered  by  it  (visceral  peritoneum),  while,  in  other  situations,  the 
peritoneum  remains  closely  related  to  the  abdominal  wall  (parietal  peritoneum). 
An  organ  may  grow  away  from  the  abdominal  wall  towards  the  peritoneal  cavity, 
and  expand  more  rapidly  than  the  tissues  uniting  it  with  the  abdominal  wall,  so 
that  a  fold  is  formed,  having  a  more  or  less  linear  attachment  to  the  abdominal 
wall  and  to  the  organ.  This  fold  consists  of  two  layers  of  peritoneum,  with  blood- 
vessels, &c,  embedded  in  connective-tissue  between  them.  Such  a  structure,  uniting 
the  alimentary  canal  to  the  posterior  abdominal  wall,  forms  its  mesentery.  As  the 
canal  becomes  differentiated,  the  mesentery  is  given  names  indicating  the  different 
parts  of  the  canal  to  which  it  is  attached- — -such  as  meso-gastrium,  meso-appendix, 
and  meso-colon  ;  while  the  term  mesentery  (mesenterium  commune)  is  retained  for 
the  fold  connected  with  the  jejuno-ileum  of  the  small  intestine.  Folds  uniting 
abdominal  or  pelvic  organs,  other  than  the  alimentary  canal,  with  the  abdominal 
or  pelvic  walls  are  commonly  termed  ligaments,  hence  the  ligaments  of  the  liver, 
bladder,  uterus,  &c. 

The  stomach  and  the  adjacent  portion  of  the  duodenum  are  united  in  the 
embryo  by  peritoneum  with  the  ventral  as  well  as  the  dorsal  portion  of  the  abdominal 
wall,  so  that  there  is  a  ventral  in  addition  to  a  dorsal  meso-gastrium.  In  the  ventral 
meso-gastrium  the  liver  is  developed,  and  in  the  dorsal  the  pancreas  and  spleen. 
The  part  of  the  ventral  meso-gastrium  which  remains  to  unite  the  stomach  and  liver, 
and  of  the  dorsal  meso-gastrium  to  connect  the  stomach  and  the  spleen,  are  called 
the  small  omentum  and  the  gastro-splenic  omentum,  respectively.  A  fold  which 
joins  the  stomach  and  transverse  colon  with  one  another  is  called  the  great  omentum. 
As  all  the  three  omenta  are  connected  with  the  stomach,  an  omentum  is  some- 
times defined  as  a  fold  of  the  peritoneum  uniting  the  stomach  with  some  other 
abdominal  organ.  In  the  Basle  'Nomina  anatomica,'  generally  known  as  the 
'  B.N. A.,'  only  two  omenta  are  recognised:  namely — the  small  and  great ;  and  the 
gastro-splenic  omentum  is  called  ligamentum  gastro-lienale.  The  term  plica  is  used 
in  the  '  B.N.A.'  for  a  fold  passing  from  the  stomach  to  the  pancreas  {plica 
gastro-pancreatica) ,  and  ligament  for  one  going  from  the  diaphragm  to  the  colon 
{ligamentum  phrenicocolicum).  Further,  it  speaks  of  a  mesorchium  or  mesentery 
of  the  testicle  ;  while  the  broad  ligament  of  the  uterus  is  divided  into  the  meso- 
metrium,  mesosalpinx,  and  mesovarium,  or  mesenteries  of  the  uterus,  uterine 
tube,  and  ovary. 
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Owing  i"  the  different  abdominal  organs  growing  a1  very  unequal  rates,  their 
mutual  position  becomes  altered  from  the  primitive  one  :  again,  certain  parts 
of  the  peritonea]  cavity  may  become  obliterated  by  fusion  of  the  opposing 
Btrrfaces,  or  the  cavity  may  extend  so  as  to  separate  organs  from  one 
tier  or  from  the  abdominal  wall,  which  were  formerly  in  direct  contact. 
In  consequence  of  such  changes,  the  peritoneal  cavity  becomes  very  com- 
plicated;  but  with  the  exception  of  the  serous  covering  of  the  testicles,  the 
peritoneum  normally  remains  a  single  continuous  membrane.  In  descriptive 
anatomy,  the  peritoneal  cavity  is  often  described  as  forming  two  sacs — the 
greater  and  the  lesser  ;  but  these  are  continuous  with  one  another  by  a  con- 
Btricted  aperture. 

The  relations  of  the  peritoneum  to  each  abdominal  organ  will  be  given  with 
its  descriptive  anatomy,  and  a  further  general  account  of  the  peritoneum  will  be 
deferred  until  all  the  abdominal  viscera  have  been  described. 


DELIMITATION  OF  THE  ABDOMEN. 

On  account  of  the  large  size  of  the  abdomen  and  the  numerous  organs 
contained  within  it,  anatomists  have  generally  recognised  the  necessity — 
in  topographical  descriptions  and  clinical  observations — of  its  subdivision ; 
but  they  are  by  no  means  agreed  as  to  the  plan  by  which  this  can  be 
best   attained.1 

The  surface  of  the  abdomen  for  practical  purposes  may  be  regarded  as  bilaterally 
symmetrical,  and  the  anterior  and  posterior  median  lines  can  readily  be  determined, 
so  that  a  division  into  right  and  left  halves  presents  no  difficulty.  The  umbilicus 
forms  a  well-defined  landmark  on  the  front  of  the  abdomen,  and  it  is  often  at  the 
same  level  as  a  transverse  line  on  the  back,  uniting  the  highest  parts  of  the  two  iliac 
(  rests.  By  dividing  the  abdomen  horizontally  at  the  umbilicus,  and  combining 
this  division  with  that  through  the  median  sagittal  plane,  we  have  four  regions 
mapped  out.  While  this  method  presents  the  obvious  advantage  of  simplicity. 
the  four  areas  are  too  large  to  be  of  practical  use  in  defining  the  position  of  many 
of  the  abdominal  organs.  Further,  it  has  been  shown  -  that  the  range  of  variation 
of  the  length,  from  the  supra-sternal  notch  to  the  umbilicus,  as  compared  with  the 
length  from  the  notch  to  the  pubic  symphysis,  is  from  slightly  over  three-fourths 
to  less  than  two  thirds.  As  the  average  distance  from  the  supra-sternal  notch 
pul  ic  symphysis  is  about  52  cm.,  the  range  of  variation  is  equal  to  8  cm., 
or  more  than  the  depth  of  two  lumbar  vertebra?.  Addison,  in  forty  adults,  found 
that  the  maximum  variation  in  relation  to  the  highest  part  of  the  iliac  crests 
5*5  cm. 

A  met  hod.  which  has  the  sanction  of  antiquity,  and  which  is  generally  adopted  in 
this  country)  is  that  of  mapping  out  nine  regions  by  two  horizontal  and  two  lateral 

ttal  planes  (fig.  76).  Since  the  three  median  areas  admit  of  a  division  into 
right,  and  left  portions,  this  plan  offers  a  sufficiently  minute  subdivision  for  all 
practical  purposes.    The  general  principle  determining  the  selection  of  the  horizontal 

William  Anderson,   '  \  Plea  for  Uniformity  in  the  Delimitation  of  the  Regions  of  the  Abdomen,' 
Jour.  .  l.  wxvi.. 

(6)  I>.  .1.  cm. i.  Delimitation  nf  Rpgion<  of  the  Abdomen,'  Jour.  Atiat.  and  Phys.,  vol.  xxvii.. 

\    I  I. "in-. .ii.  ■  l  ..;,        Lnatomi   of  thi    Vbdomen,'  Brit.  Medical  Jour.,  vol.  ii.,  1895. 

I     '■'  i    i...  m.i|.1  i  .  i,.     \n:it. .inn  .    Bauch,'   Ergebnisse  der  Anatomie,   Bd.  v..  1895. 

' '     the  Topogi  iphical  Anatomy  of  Abdominal  Viscera  in  Man,'  Jour.  Anal,  and  Phys., 
■  ic  July  is'.'!';  x\m\..  July  1900;  and  \.\\\..  April  1901. 
•   M.  Johnson,      \  Study  in  Surface    Inatomy,  with  Special  Reference  to  the  Position  of  the 
'  The  Anatomical  Record',  vol.  v..   l'.'ll. 
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planes  is  that  the  upper  one  should  correspond  to  the  lowest  limit  of  the  thoracic 
wall,  and  the  lower  to  the  highest  part  of  the  pelvic  wall.  Certain  difficulties 
attend  a  too  rigid  application  of  this  principle  :  the  main  one  being  that  the  zone 
between  the  two  horizontal  lines  is  too  narrow,  or  may  even  disappear,  owing  to 
the  lower  ribs  reaching  as  far  down  as  the  level  of  the  iliac  crests.  Cunningham 
proposed  certain  modifications  of  these  principles.  He  made  the  upper  or  subcostal 
plane  at  the  level  of  the  lowest  part  of  the  tenth  costal  cartilages,  and  the  lower 
or  intertubercular  plane  opposite  the  prominent  tubercle  on  the  iliac  crests,  about 
5  cm.  from  the  anterior  superior  iliac  spines.  Three  horizontal  zones  were  thus 
marked  on  the  abdomen :  termed,  from  above  downwards,  costal,  umbilical,  and 
hypogastric.  Not  infrequently,  the  eleventh  rib  forms  the  lowest  part  of  the  thoracic 
wall ;  but  it  is  variable  in  length,  and  not  so  easily  seen  as  the  lowest  part  of  the 
tenth  costal  cartilages.  The  selection  of  the  highest  part  of  the  iliac  crests  as  the 
lower  horizontal  plane  would  have  the  advantage 
of  including  the  whole  of  the  two  iliac  fossa?  in 
the  hypogastric  zone  ;  but,  as  these  crests  some- 
times reach  a  little  higher  than  the  umbilicus, 
the  middle  or  umbilical  zone  might  be  entirely 
above  the  umbilicus.  The  intertubercular  plane  of 
Cunningham  seems  a  reasonable  compromise  be- 
tween the  top  of  the  iliac  crests  and  the  anterior 
superior  iliac  spines,  and  it  corresponds  to  the 
highest  part  of  the  iliac  crest  visible  from  the 
front. 

The  two  lateral  lines  are  sometimes  made  by 
drawing  a  vertical  line  upwards  from  a  point 
over  the  middle  of  the  inguinal  ligament ;  but 
the  mid-point  of  a  horizontal  line  uniting  the 
anterior  superior  iliac  spine  and  the  median  line  j 
is  more  easily  ascertained.  The  mid-inguinal 
point  is  farther  out  than  one  midway  between  the 
anterior  superior  iliac  spine  and  the  median  fine  ; 
and  in  some  individuals  with  a  narrow  waist, 
only  a  very  small  portion  of  the  abdominal  cavity 
lies  lateral  to  a  vertical  line  prolonged  upwards 
from  that  point.     The  nine  regions  thus  marked 

out  are  named  in  the  costal  zone,  the  right  and  left  hypochondriac  and  epigastric  ; 
in  the  umbilical  zone,  the  right  and  left  lumbar  and  umbilical  ;  and  in  the  hypo- 
gastric zone,  the  right  and  left  iliacs  and  the  hypogastric. 

The  three  zones  are  of  unequal  breadth.  Cunningham  found  the  average  vertical 
extent  in  the  middle  line  was  6  inches  for  the  costal  zone,  2'7  inches  for  the  umbilical, 
and  5  inches  for  the  hypogastric.  He  fixed  the  upper  limit  of  the  costal  zone 
at  the  lower  border  of  the  body  of  the  sternum,  and  the  lower  limit  of  the  hypogastric 
at  the  upper  border  of  the  pubic  symphysis.  The  fact  that  the  umbilical  zone 
is  only  about  half  the  breadth  of  the  other  two  and  that,  with  the  exception  of  the 
ascending  and  descending  colon  and  the  lower  ends  of  the  kidneys,  its  contents 
include  the  most  movable  parts  of  the  alimentary  canal— namely,  the  lower  portion 
of  the  stomach,  the  transverse  colon,  and  the  convolutions  of  the  jejuno-ileum— 
render  it  of  but  little  use  in  mapping  out  the  position  of  the  abdominal  organs. 
The  epigastric,  umbilical,  and  hypogastric  divisions  are  much  larger  than  their 
associated  lateral  areas  ;  but  this  is  not  a  serious  objection,  as  each  one  is  divisible 
into  right  and  left  portions. 


Fig.  76. — Outline  of  the  front  of  the 
abdomen  showing  the  division 
into  regions.     (Jones  Quaiu.) 

1,  Epigastric  region ;  2,  umbilical 
3,  hypogastric  ;  4,  4,  right  and  left 
hypochondriac  ;  5,  5,  right  and  left 
lumbar  ;   6,  6,  right  and  left  iliac. 
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The  viscera,  which  are  contained  in  the  several  regions,  are  shown  in  the  following 
table,  modified  from  one  by  <■'.  D.  Thane  and  K.  J.  Godlee  : — 


Epigastric   n 


Hypoohondritv  .  i 


Bypochondriao,  left 


Umbilical 


Ltunbar,  right 
Lumbar,  left 

Hypogastric    . 


Iliac,  right 
Iliac,  left 


The  greater  part  or  the  whole  of  the  left  lobe,  and  part  of  the 
right  lobe  of  the  liver,  with  the  gall-bladder,  part  of  the  stomach, 
including  both  orifices,  the  first  and  second  parts  of  the  duodenum. 
the  duodeno-jejuna]  flexure,  the  pancreas,  upper  or  inner  end  of  the 
spleen,  parts  of  the  kidneys,  and  the  suprarenal  glands. 

The  greater  part  of  the  right  lobe  of  the  liver,  the  hepatic  flexure 
of  the  colon,  and  part  of  the  right  kidney. 

Part  of  the  stomach,  with  the  greater  portion  of  the  spleen  and 
the  tail  of  the  pancreas,  the  splenic  flexure  of  the  colon,  part  of  the 
left  kidney,  and  sometimes  a  part  of  the  left  lobe  of  the  liver. 

The  greater  part  of  the  transverse  colon,  the  third  part  of  the 
duodenum,  some  convolutions  of  the  jejunum  and  ileum,  with 
portions  of  the  mesentery  and  great  omentum,  part  of  the  right 
or  sometimes  of  both  kidneys,  and  the  ureters. 

The  ascending  colon,  part  of  the  right  kidney,  and  sometimes 
part  of  the  ileum. 

The  descending  colon,  part  of  the  jejunum,  and  sometimes  a  small 
part  of  the  left  kidney. 

The  convolutions  of  the  ileum,  the  ureters,  the  bladder,  and 
uterus  in  children  :  the  upper  part  of  the  bladder  and  of  the  uterus 
in  adults;  the  ovaries,  and  behind,  the  pelvic  colon  and  upper  part 
of  the  rectum. 

The  caecum  with  the  vermiform  appendix,  and  the  termination  of 
the  ileum. 

The  iliac  colon,  convolutions  of  the  jejunum  and  ileum. 


For  all  practical  purposes,  it  is  impossible  to  distinguish  the  contents  of  the 
hypogastric  region  above  the  oblique  plane  of  the  pelvic  brim  from  those  below  that 
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plane,  and  therefore  I  hose  pelvic  viscera  that  lie  above  the  level  of  the  upper  border 
of  the  pubic  symphj  i  are  included  in  this  region.  The  lower  end  of  the  bladder, 
and  seminal  vesicles,  the  lower  end  of  the  uterus  and  the  vagina,  and 
the  lower  part  of  the  rectum  are  situated  posterior  to  the  anterior  wall  of  the  bony 
pelvis. 
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C.  Addison  lias  devised  a  method  of  dividing  both  the  thorax  and  abdomen  into 
regions,  which  is  independent  of  the  variability  in  depth  of  the  lower  thoracic  wall, 
and  places  the  horizontal  demarcation  planes  at  equal  distances  from  one  another.  A 
median  line  is  drawn  from  the  supra-sternal  notch  to  the  top  of  the  pubic  symphysis, 
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Fig.  78. — Horizontal  section  of  trunk  at  the  level  of  the  body  of  the  first  lumbar  vertebra  and 
upper  surface  of  slab  3  on  fig.  87. — (P.  T.  Oymblc.) 
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Fig.  79. — Horizontal  section  of  trunk  at  the  level  of  the  body  of  the  second  lumbar  vertebra 
and  upper  surface  of  slab  i  on  fig.  87.     (P.  T.  Ciymble.) 
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and  across  this  three  transverse  lines  :  one  at  the  middle  of  its  length — the  upper 
transverse  abdominal  line  ;  another  midway  between  this  hue  and  the  pubic  symphysis 
— the  lower  transverse  abdominal  line;  and  the  third  across  the  thorax  midway 
between  the  upper  transverse  abdominal  line,  and  the  supra-sternal  notch — the 
transverse  thoracic  line.  Addison  found  the  average  length  of  the  median  Hue,  in 
forty   adult  subjects,  was  52  cm. — this  gives  a  vertical  extent  of  1,'J  cm.  for  each 
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horizontal   zone.    These   horizontal   lines   are   the   anterior  edges  of  horizontal 
planes  passing  through  the  trunk. 

Tin'  Lower  transverse  abdominal  line  closely  corresponds  to  the  level  of  the 
intertubercular  line  of  <  funningham,  and  the  hypogastric  zone  below  it  is  practically 
identical  with  that  of  Cunningham's.  The  upper  transverse  abdominal  line  is 
higher  than  Cunningham's  subcostal  line,  and  divides  the  vertebral  column,  as  a 


-!.        l)IAia:\MS    TO    ILLUSTRATE    AD1H  I'HOD    OF    DELIMITATION"    OF    THE    REGIONS    OF 

LOT)     nil.    AVBRAQE    POSITION    OF   THE    PKIMII'U      LBDOBUNAL    VISCF.UA.       (C.    Addison.) 

EF,  Dpp  rso  abdominal   lino;     CD,  lowor  transverse  abdominal  line;     M,  median  line;    right 

and  linos  pass  downwards  from  between  numbers  0  and  7  at  top  of  diagram.      In  addition 

rule,  at  the  disk  between  the  first  and  second  lumbar  vertebrae  and  the  anterior 
■■..ill  near  the  tip  of  the  ninth  costal  cartilage.  The  space  between  the 
upper  and  lower  transverse  abdominal  lines  may  be  termed  the  umbilical  zone, 
it  differs  from  the  umbilical  zone  of  Cunningham  in  its  greater  breadth  owing  to 
the  higher  position  of  its  upper  boundary. 
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The  subcostal  zone,  situated  between  the  upper  transverse  abdominal  and  the 
transverse  thoracic  lines,  includes  portions  of  both  the  thoracic  and  abdominal 
cavities.  The  larger  part  belongs  to  the  abdomen,  as  the  vault  of  the  diaphragm 
crosses  the  trunk  a  little  above  the  junction  of  the  middle  and  upper  thirds  of  the 
subcostal  zone. 

The  three   vertical   lines — right  and  left  lateral  and  median — are  similar  to 
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Fig.  81. 
to  these  lines,  the  whole  area  of  the  abdomen  was  subdivided  into  square  centimetres  reduced  in  figure 
to  0-36  natural  size.     The  position  of  the  more  superficial  organs  are  given  in  fig.  80,  and  the  deeper  in 
fig.  81. 


those  already  described  in  connexion  with  the  account  of  Cunningham's 
divisions  of  the  abdomen,  and  the  same  names  may  be  applied  to  the  four 
regions  of  each  zone. 

The  average  position  of  the  principal  abdominal  organs  in  relation  to  Addison's 
lines  and  areas  is  shown  in  figs.  80  and  81.  From  this  it  will  lie  seen  I  hut  a  section 
through  the  upper  transverse  abdominal  plane  (E,  F,  in  figs.  80  and  81)  would 
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divide  the  lower  part  of  the  Btomaoh,  the  pylorus,  the  upper  pari  of  the  duodenum, 
left  <-n<l  of  transverse  colon,  the  Bplenic  flexure  <>f  the  colon,  the  liver,  the  gall- 
bladder, the  pancreas,  the  Bpleen,  and  both  kidneys.  As  Addison  found,  in  a 
considerable  majority  of  the  forty  cases  be  examined,  that  the  pylorus  was  either 
in  this  plane  "V  close  to  it.  be  proposed  t"  name  it  the  transpyloric  plane. 

\  table  i>  appended,  >li<>win<_'  the  contents  of  the  difEerenl  regions  of  the  bud- 
J  and  umbilical  zones  <>f  Addison.     Since  the  hypogastric  zone  is  practically 
identical  with  thai  of  Cunningham's  (see  p.  75),  the  list  of  viscera  contained  in  it- 
is  qoI  repeated  here. 
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Epigastric,  right 


Table  gi\  in'_r  'In-  average  posit  ion  >>f  the  abdominal  organs  in  relation  to  Addison's 

areas  : — 

Subcostal  Zon]  . 

Small  part   of   left    lobe  of  liver,  pari    of  the  right  lobe  of  the 
'  liver,  part  of  gall-blader,  upper  and  inner  part  of    right  kidney, 
1  In    suprarenal    gland,  upper    part    of    pylorus,   and   sometimes 
adjacent  portion  of  stomach,  neck  and  upper  part  of  head  of  pancreas, 
lust  and  commencement  of  second  part  of  duodenum. 

Greater  part  of  left  lobe  of  liver,  cardiac  orifice,  and  adjacent 
portion  of  stomach;   body  of  pancreas,  left  suprarenal  gland,  upper 
I  part  of  spleen,  upper  and  median  pari  of  lift  Kidney. 

Part  of  right  lobe  of  liver,  part  of  gall-bladder,  lateral  and  uppet 
pari  of  right  kidney. 
I         Left  part  of  fundus  and  body  of    stomach,  left  extremity  of 
left  lobe  of  liver,  •jnatn  part  of  the  spleen,  tail  of  pancreas,  splenic 
flexure  "I  colon,  lateral  and  upper  part  of  left  kidney. 


Epigastric,  left 

II    pochondriac,  righl . 
II    pochondi  iac,  lift  . . 


Umbilical,  lefl    . 


Umbilical  Zone. 

Lown    pari    of  pylorus  and  adjacent   portion  of  stomach,  part 
'  of  right  lobe  of  liver,  part  of  gall-bladder,  second  part  of  duodenum. 
pari   "I   transverse  colon,  pari    oi    jejuno-ileum.  head  of  pancreas, 
median  ami  lower  part  of  ti_<lit  kidney,  right  ureter. 

Lower  part  of  stomach,  part  of  transverse  colon,  median  and 
lowei  pari  of  left  kidney,  left  ureter,  terminal  portion  of  duodenum 
ami   pari   I'f  jejunum. 
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Lumbar,  right 


f        Lower  part    of   right   lobe   of   liver,  part   of   gall-bladder,  lower 

I  and  outer  part  of  right  kidney,   outer   part  of  second    portion  of 

J  duodenum,  ascending  colon,  hepatic  flexure  and  part  of  transverse 

^  colon. 

i        Lower  end  of  spleen,  outer  and  lower  part  of  left  kidney,  part  of 

Lumbar,  left transverse  colon,  lower  part  of   descending  colon  and  upper  part  of 

I  iliac  colon,  jejunum. 

The  position  and  relations  of  the  abdomino-pelvic  organs  and  the  structure 
of   the   abdominal  wall  are  illustrated  in  a  series  of  horizontal  sections  of  a  man 
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Fig.  83. — Horizontal  section  of  trunk  at  the  level  of  the  disk  between  the  third  and  fourth 

LUMBAR  VERTEBRA  AND  THE  UPPER  SURFACE  OF  SLAB  6,  ON  FIG.  87.   (P.  T.  Crymble.) 
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Fig.  84. — Horizontal   section  of  trunk  at  the  level  of  the  fourth  lumbar  vertebra  and   the 
upper  surface  of  slab  7,  on  Fie.  87.     This  section  is  just  alum'  the  umbilicus.     (P.  T.  Crymble.) 

aged  fifty  (see  figs.  77  to  86),  and  the  levels  of  these  sections  in  relation  to  the 
skeleton  are  shown  in  fig.  87.     All  these  figures  are  one-third  natural  size. 


VEXTRICULUS, 

The  stomach  (venlriculus  or  gaster)  is  a  dilated  portion  of  the  alimentary  canal, 
situated  between  the  termination  of  the  oesophagus  and  the  commencement  of  the 
small  intestine.  It  forms  a  somewhat  cylindrical  tube  bent  like  the  capital  letter  J 
(fig.  88).      The  upper  blind  extremity  is  known  as  the   fundus.     From  this  the 
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r  part  of  the  3tomach  passes  downwards,  forming  the  body  or,  with  the  fundus, 
the  cardiac  portion,  and  then,  turning  upwards  and  to  the  right,  the  pyloric  pan  oi 
the  stomach.  The  fundus  lies  farther  bach  than  the  lower  end.  and.  viewed  from 
the  left  Bide,  the  stomach  is  seen  to  slope  obliquely  downwards  and  forwards,  while 
the  axis  of  the  main  stem,  as  seen  from  the  front,  may  be  vertical,  but  frequently 
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FlO.    V",.-l|nl;lZi.\TU.    3BCTIOS    "I     Tl:r\K     \T    THE    LEVEL   OF   THE    DISK    BETWEEN    THE    FIFTH   LTJMBAB  AND 
FIRST    SACRAL    VERTEBRJE    AND    THE    ll'PEli    SURFACE    OF    SLAB    9,    ON    FIG.    87.       (F.    T.    Oymble.) 

inclines  somewhat  to  the  right  as  it  descends.  Of  its  two  openings,  the  one,  by 
which  food  enters  from  the  oesophagus,  is  situated  to  the  right  of  the  fundus,  and  is 
named  the  cardiac  orifice;  the  other,  by  which  it  passes  into  the  duodenum,  and 
which  is  placed  on  a  lower  level  and  more  forwards  and  to  the  right,  is  the  pyloric 
'.  The  stomach  has  two  surfaces,  called  anterior  and  posterior;  and  two 
borders,  termed  the  great  and  small  (greater  and  lesser)  curvatures  (figs.  88,  91). 
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i  ppeb  PAitT  oi  thi;  coccyx.     The  Bectiou  is  the  uppei  surface  oJ  slab  13,  on  tig.  87.    (P.  T.  Gymble.) 


Examination  by  X-rays  and  in  the  cadaver.~Our  knowledge  of  the 
form,  positionj  and  movements  of  the  stomach  has  been  rendered  much  more  exact 
by  the  examination  of  this  organ  in  the  living  body  after  the  administration  of  food 
containing  bismuth— a  method  introduced  by  Rieder.1  Compounds  of  bismuth 
g  opaque  to  the  X-rays,  a  shadow  of  the  stomach  contents  after  a  meal  of  this 
kind  can  be  thrown  upon  a  photographic  plate  or  a  fluorescent  screen  ;  or  by  a 

tone   L'ntcr3uchung   des  Magena   und  Darmes   beim   lebenden  Menschen,'  Miincken    Med. 


•'nsch.%  1904,  Xo.  35 
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series  of  skiagrams,  taken  at  regular  intervals,  a  representation  of  the  movements 
of  the  stomach  during  a  definite  period  can  be  obtained.  Such  a  series  constitutes 
a  Roentgen-kinematograph. 


Fig.  87. — Reconstruction  of  the  skeleton  of  a  man,  aged  fifty,  whose  trunk  was  divided  by  a 

SERIES     OF    HORIZONTAL     SECTIONS    INTO     SLABS,     EACH     ABOUT    2-5     CM.     THICK.  One-third      natural 

size.     (J.  Symington.) 
The  slabs  are  marked    from    above   downwards,  r.  /<,   a,  and   1   to  15.       T.P.,  transpyloric  or  upper 
transverse  abdominal  line  ;     I.T.,  intertubercular  or  lower  transverse  abdominal  line.     The  three  vertioaJ 

lines  on  figure  are  the  median  and  the  right  and  left  lateral. 

The  person  to  be  examined  is  given  a  meal  (if  about  400  grms.,  which  is 
sufficient  to  fill  the  stomach.  The  meal  consists  of  350  grms.  of  porridge  or 
other  soft  food  mixed  with  50  grms.  of  carbonate  or  oxychloride   of  bismuth. 

q  2 
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In  the  Btanding  position,  the  first  bolus  which  enters  the  stomach  can  be  seen. 
from  1 1 1 « -  dark  shadow  on  the  screen,  to  lie  first  just  below  a  clear  area  at  the  fundus 
and  then  i"  descend  Blowly  to  the  lower  or  caudal  pole.  The  .succeeding;  1  >< >1  i  pass 
down  rat  her  quicker,  and  «  ben  all  t  In-  meal  is  taken  the  whole  stomach  is  occupied 


(Esophagus 
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i  'ardia 


T  <  Hirudin 


I.  II  II  III 
Pylorus 


Fio.  88. — View  01  the  stomach  from  the  front.    One-third  natural  size.     (J.Symington.) 

by  food,  except  the  upper  pole,  where  a  quantity  of  gas  has  accumulated.     The 
stomach  does  not   act   as  a   flaccid  bag,  allowing  all  the  food  to  sink  to  the  lowest 

part  of  the  stomach,  hut  is  contracted  on  its  contents,  and  maintains  a  cylindrical 


l  i...    89.     Diagrammatic  outline  of  the   bmpti    (a)    u»d 

DISTENDED     (B)     STOMACH     SEEK     FROM    Tin.    FRONT.        (J. 

Symington.) 

\l.  dotted  line,  represents  tin-  median  plane,  The      indicates 
position  "ii  back  of  organ  "i  pyloric  orifice. 


Kii.  !in.      Diagrammatic  outline 

mi    x   MODERATELY    DISTENDED 
STOMACH,      AS      SEEN'       FROM 

behind.     One-fourth  natural 

size.     (His.) 

a.  greater  curvature  :    h,  lesser 

curvature;   c,    fundus;   (/.    antrum 

pylorioum  ;  o,  cardia  ;  y«.  pylorus. 


foim.    From  observations  on  a  large  number  of  healthy  persons,  (Jroedel '  found  the 

height  oi  the  stomach  from  the  fundus  to  the  caudal  pole  to  be  20  cm. 

in  m  d  22  cm.  in  females,  and  the  height  of  the  pylorus  above  the  caudal 


Atlas  und  Gruadriss  dcr  Rontgeudiagnostik  in  dcr  iuneren  Mcdiziu,'  MiXnchen,  1909. 
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pole  8-5  cm.  in  males  and  8  cm.  in  females,  while  the  greatest  breadth  of  the  stoma*  h 
was  9 '5  cm.  in  both  sexes,  the  last-mentioned  measurement  being  at  the  bend  of 
the  tube  and  therefore  about  double  the  straight  portion  of  the  tube.  When  a 
double  meal  (800  grms.)  is  taken,  the  length  of  the  stomach  remains  practically 
the  same,  but  its  breadth  is  increased. 

A  normal  stomach  containing  a  moderate  meal  reaches,  when  the  person  is 
standing,  somewhat  below  the  umbilicus  (see  fig.  91).  By  voluntary  contraction 
of  the  muscles  of  the  anterior  abdominal  wall,  or  by  pressure  applied  over  the 
umbilical  region  of  the  abdomen,  the  lower  limit  of  the  stomach  can  be  raised  from 


Fig.  91. — Shape  and  position  of  stomach  during  life,  moderately  distended  with  a  bismuth  meal. 

(A.  F.  Hertz.) 

o,  oesophagus  ;  F,  fundus  containing  gas  ;  u,  umbilicus. 


5  cm.  to  13  cm.  (Hertz),  but  returns  to  its  former  position  when  the  muscles  r<  lax 
or  the  pressure  is  removed.  An  elevation  of  the  lower  part  of  the  stomach  also 
occurs  when  the  person  assumes  the  recumbent  position. 

Although  the  position  of  the  stomach  in  the  cadaver  sometimes  closely  resembles 
that  observed  during  life,  yet,  as  a  rule,  its  lower  border  is  at  a  distinctly  higher 
level,  and  the  entire  organ  is  often  found  with  its  anterior  and  posterior  surfaces 
looking  to  a  considerable  extent  upwards  and  downwards,  so  that  some  anatomists 
have  described  the  normal  position  of  the  stomach  as  horizontal.  C.  Addison  ' 
found  the  average  level  of  the  lowest  part  of  the  great  curvature  of  the  stomach 
m  the  cadaver  to  be  about  7*5  cm.  above  the  umbilicus  (see  fig.  80),  and  t  bese  results 
are  confirmed  by  the  series  of  reconstructions  made  by  P.  Porter.-  Groedel,8  and 
other  radiographers,  agree  that,  after  a  bisnuith  meal  and  with  the  patient  standing 

1  '  On  the  Topographical  Anatomy  of    Abdominal  Viscera  in  Man.'  Jour.   Aunt,  and  Phya  ,  vol.  xxxiii.. 
July  IN! I! I. 

'•  See  'Topography  of  Organs,'  in  Eycleshymer  and  Schoemaker's  Crt'ts-srrtimi  Anatomy,  1911. 
'Atlas  und  Grundriss  der  Rontgendiagnostik  in  der  inneren  Medizin,'  Miinchen,  1909. 
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the  Btomach  nadirs  a  little  belov.  the  umbilicus.  The  lower  end  of  the  stomach 
(caudal  pole)  rises  when  the  recumbenl  posture  is  assumed,  and  it  is  often  found 
.  still  in  thecadaver.  This  elevation  of  the  caudal  pole  is  not  associated  with 
any  marked  rise  in  the  level  of  the  pylorus.  Addison  figures  the  pylorus  about 
2  cm.  above  the  caudal  pole  in  the  cadaver,  and  Groedel  gives  the  distance  in  the 
living  erect  patient  as  8  cm.     The  highei  level  of  the  lower  part  of  the  stomach 

in  the  cadaver  is  partly  due  to  the  dissection  being  made  in  the  horizontal  posit 

for.as  already  mentioned.in  the  living  body  a  marked  rise  occurs  when  the  patient 

down.      Further,  after  death,  the  Btomach  usually  contains  little  or  no  food,  and 

it-  lower  part  is  frequently  contracted,  and  as,  during  life,  the  expanding  stomach 


Ltvcr 


•_'.— Horizontal  section  of  the  abdomen  of  a  boy  aged  six  years,  at  the  level  of  the  cardiac 
orifice.     Natural  size.     (J.    Symington.) 

a.  di-k  between  the  eleventh  and  twelfth  thoracic  vertebrae;   6.  diaphragm;  c,  aorta;  rl.  cardiac  orifice: 
behind  this  the  stomach  is  seen  to  be  in  din-rt  emit  act  with  the  diaphragm. 


meets  with  little  resistance  from  the  subjacent  intestine,  it  must  naturally  be 
depressed  by  the  accumulation  of  food.  In  the  cadaver,  the  diaphragm  is  in  a 
state  of  expiration,  and  the  stomach  will  occupy  a  correspondingly  high  position. 
By  X  rays  not  only  can  the  general  position  of  a  stomach  containing  a  bismuth 
meal  be  demonstrated,  but  the  action  of  the  muscular  coat  and  its  influence  upon 
t  be  Eoi  ni  of  t  he  cavity  can  be  shown  by  changes  in  the  shape  of  the  shadow.1  The 
fundus  of  the  stomach  is  not  subject  to  peristaltic  movement.  It  serves  as  a 
temp  Jervoir f or  the  food,  and  always  contains  a  quantity  of  gas.    Peristaltic 

contractions  begin  below  the  cardiac  orifice,  and  the  constrictions  in  the  cardiac 
portion  of  i  he  stomach  are  better  marked  on  the  greater  than  on  the  lesser  curvature. 
Towards  the  j>vlorus  the  peristalsis  is  more  energetic,  and  the  constrictions  tend 
to  become  deeper  and  especially  marked  along  the  lesser  curvature  where  this 
border  turns  to  the  right.  A  contraction-ring  may  form  in  the  pyloric  part  of  the 
Btomach  and  nearly  cut  off  the  contenl  s  of  a  small  portion,  near  the  pylorus,  from 
the  rest  <>f  the  stomach.  As  this  contraction-ring  passes  towards  the  pylorus, 
a  not  her  one  is  being  formed  behind  it.  It  is  probable  that  the  contraction  of  the 
pyloric  part  of  the  stomach  forces  most  of  the  contents  back  again  into  the  main 

l.r,   and    Kosenthal,   'The    Bio-roentgenography  of    the  Internal  Organs.'   Arch,   of 
RotnUim   Roy*,  Juno   I910j    and  A.  V.  Hertz,  'The  Motor" Functions  of  the  Stomach,'  Quarterly  Journal 
ily  1910. 
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portion  of  the  stomach,  and  only  a  small  part  into  the  duodenum ;  otherwise,  the 
stomach  would  be  emptied  much  quicker  than  is  really  the  case,  since  several 
contraction-waves  may  occur  in  one  minute. 

After  death,  the  stomach  may  be  found  firmly  contracted — except  at  the  fundus 
— so  as  to  form  a  narrow  intestinal  tube,  or  it  may  present  constrictions  with  inter- 
mediate dilatations,  and  the  constrictions  may  be  circular,  or  limited  mainly  to  the 
neighbourhood  of  one  of  the  curvatures.  These  constrictions  are  probably  due 
to  a  contraction-wave,  which  was  arrested  at  some  part  of  its  course,  since  the 
position  at  which  they  are  found  is  very  inconstant.  Authorities  are  by  no  means 
agreed  as  to  the  number,  position,  and  functional  significance  of  the  parts  into 
which  the  stomach  may  be  divided.  F.  T.  Lewis  l  has  recently  drawn  up  the 
following  table  of  the  fundamental  subdivisions  of  the  stomach  and  the  adjacent 
portions  of  the  digestive  tube  : — 

Antrum  cardiacum. 
Gaster. 

Cardia. 

Pars  cardiaca  gastri. 
Fundus. 
Corpus. 

Canalis  gastricus. 
Pars  pyloric  a  gastri. 

Vestibulum  pyloricum. 
Antrum  pyloricum. 
Pylorus. 
Antrum  duodenale. 
Antrum  cardiacum  is  merely  another  name  for  the  intra-abdominal  portion 
of  the  oesophagus.     It  is  often  funnel-shaped,  with  its  base  towards  the  stomach. 

Cardia.  —  The  junction  of  the 
stomach  and  the  oesophagus  is  called  the 
cardia.  Owing  to  its  relations  with  the 
diaphragm,  the  cardia  is  the  most  fixed 
part  of  the  stomach.  It  is  situated  at  the 
level  of  the  body  of  the  tenth  or  eleventh 
thoracic  vertebra,  in  front  and  to  the 
left  side  of  the  aorta,  and  behind  a  notch 
in  the  posterior  surface  of  the  left  lobe 
of  the  liver.  It  lies,  on  an  average, 
about  10  cm.  to  12  cm.  posterior  to  the 
interval  between  the  ensiform  process 
and  the  inner  end  of  the  seventh  left 
costal  cartilage.  It  appears,  from  the 
researches  of  Braune  and  von  Gubaroff  ,2 
that  the  cardiac  orifice  may  have  a 
valvular  action  independent  of  its  mus- 
cular fibres.  Thus,  after  dividing  the 
thorax  horizontally  some  distance  above 

the  diaphragm,  and  filling  the  stomach  with  fluid  by  injecting  from  the  cut  end 
of  the  oesophagus,  they  found  that  the  gastric  contents  were  retained,  although 
the  oesophagus  was  not  ligatured.     After  piercing  the  diaphragm,  the  oesophagus 

i   '  The  Form  of  the  Stomach  in  Human  Embryos,  with  Notes  upon  the  Nomenclature  of  the  Stomach. 
The  American  Journal  of  Anatomy,  vol.  xiii.,  1912. 

-  «  Ueber  den  Verchluss  des  menschlichen  Mageus  der  Cardia,'  Arch.  f.  Anatomic,  ISSli. 


93. — Section    through    pyloric    part    of 
stomach  and  commencement  of  duodenum. 

FROM  A    SPECIMEN  HARDENED  in    SltU.       Natural 

size.     (J.  Symington. ) 

a.  a,  a.  longitudinal  folds  of  the  mucous  mem- 
brane in  pyloric  part  of  stomach ;  b,  section  of 
mucous  membrane  ;  c,  circular  muscular  fibres  of 
stomach:  the  longitudinal  fibres  are  just  visible  to 
the  naked  eye  as  a  narrow  line  external  to  the 
circular  fibres  ;  D,  duodenum  ;   P,  pyloric  orifice. 


M 
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turna  Bomewhal  abruptly  to  the  lefl  Bide  to  open  into  the  stomach,  and  it  is  probable 
thai  when  the  stomach  is  distended  this  bend  is  increased  so  as  to  obstrucl  the 

return  "f  it-  contents  into  tl ssophagus. 

Pylorus.  This  i>  the  junction  of  the  stomach  and  duodenum.  Owing  to 
the  connexion  oi  this  end  of  the  stomach  with  the  liver  by  means  of  the  thickened 
portion  of  the  -mall  omentum,  containing  the  hepatic  artery,  portal  vein. 
.Hid  bile-duct,  its  mobility  is  much  less  than  various  other  parts  of  the  stomach. 
Addison  found  that  in  twenty-four  ou1  "t  sixty  subjects,  the  pylorus  corresponded 
t,,.  or  was  within  1  cm.  of,  the  upper  transverse  abdominal  plane  (see  fig.  80),  and 
be  consequently  proposed  to  call  this  plane  the  transpyloric.  Porter  *  gives  the 
average  Level  as  opposite  the  firsl  lumbar  vertebra.     It  may  be  pushed  down  by 


■I  —View   OB  THE  PYLORIC  r-ORTiox  of  the  stomach   in  a    contracted  condition.     Natural  size. 

(J.  Symington.) 

".  '/.  '-.  on  upper  drawing    indicate   tin-  position  of  the  three  sections  a',  b',  c' ;    a'  shows  the  pyloric 
-■•  ii   from  tin    duodenal  Mile. 


an  enlarged  liver,  or  displaced  upwards  by  a  distended  transverse  colon.  In  the 
cadaver,  the  pylorus  is  usually  overlapped  in  front  by  the  liver,  which  thus  separates 
it  bom  the  abdominal  wall;  but  during  life,  with  the  Btomach  full  and  the  body 
in  tie-  ered  position,  tie-  pylorus  is  probably  a  little  below  the  liver.  When  the 
3tomach  i-  empty, the  pylorus  is  in.  or  close  to.  the  median  plane,  and  2  cm.  to 3  cm. 
below  the  ensiform  cartilage  ;  but  when  the  stomach  is  distended,  it  tends  to  move 
tow, nds  the  i i >_r  1 1 1   side,  and  the  orifice  which  previously  looked  upwards  and  to 

the  righl    is   now  tin I  backwards.     The   position  of  the  pyloric  orifice  can  be 

ed  by  a  slight  constriction  on  the  outer  surf  ace  of  the  organ,  and  also  by  a 
thickening  of  the  wall,  which  can  readily  be  fell   by  taking  it  between  the  thumb 
forefinger.     During  operations,  the  position  of  the  pylorus  may  often  be 
ed  by  the  presence  of  a  small  vein  crossing  it  transversely. 

Eycleshymei  and  Schoemaker's  Croaa-stdian  Anatomy,  1911. 
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The  cardiac  portion  (pars  cardiaca)  is  the  larger  of  the  two  main  divisions 
of  the  stomach,  and  it  consists  of  a  fundus,  body,  and  canalis  gastricus.  The  fundus 
is  a  cul-de-sac,  projecting  upwards  and  backwards  above  the  level  of  the  cardia, 
and  lies  against  the  left  vault  of  the  diaphragm  and  the  left  lobe  of  the  liver.  The 
corpus,  or  body  of  the  stomach,  extends  from  the  fundus  to  the  caudal  pole.  The 
canalis  gastricus  is  a  narrow  portion  of  the  cavity  of  the  stomach,  reaching  from  the 
cardia  to  the  incisura  angularis,  and  bounded  on  the  right  side  by  the  lesser  curvature 
of  the  stomach,  while  on  the  left  side  it  communicates  with  the  body  of  the  stomach. 
It  is  believed  by  some  to  serve  as  a  channel,  which  facilitates  the  passages  of  liquids 
from  the  cardia  directly  to  the  pyloric  part  of  the  stomach.  It  is  said  to  be  well 
marked  in  the  fetus. 

The  pyloric  part  (pars  pylorica)  is  frequently  described  as  divisible  into  the 
pyloric  vestibule  and  the  pyloric  antrum.  The  pyloric  vestibule  is  seldom  distinctly 
marked  off  from  the  body  of  the  stomach.  The  pyloric  antrum  is  a  small  dilatation 
situated  between  the  pyloric  vestibule  and  the  pylorus.  Not  infrequently  it  is 
found,  after  death,  firmly  contracted  (see  fig.  94),  and  it  is  then  known  as  the 
pyloric  canal. 

Lewis  found  that,  in  a  human  embryo  10  mm.  long,  the  stomach  was  already  divided  into 
an  expanded  cardiac  and  a  tubular  pyloric  portion,  and  the  incisura  angularis  was  about  midway 
between  the  cardia  and  the  pylorus,  and  from  this  and  other  specimens,  he  concluded  that  the 
pyloric  portion  is  relatively  longer  in  the  early  stages  of  development  than  in  the  later  ones. 

A.  Keith  and  Wood  Jones,  Proe.  Anat.  Soc,  November  1901,  and  in  Jour.  Anal,  and 
Phys.,  vol.  xxxvi.,  state  that  the  fundus  of  the  stomach  is  developed  as  a  local  outgrowth, 
or  diverticulum,  from  the  cardiac  end  of  the  great  curvature,  and  that  it  represents  the  first 
of  the  three  divisions  of  the  stomach  of  the  primates,  the  other  two  being  the  body  and  the 
pyloric  part.     In  Semnopithecus,  the  stomach  is  sharply  differentiated  into  these  three  portions. 

The  portion  of  the  stomach  between  the  cardia  and  the  pylorus  is  usually 
described  as  having  two  surfaces  and  two  borders,  although  in  an  active  state, 
it  acquires  a  more  or  less  cylindrical  form. 

Surfaces. — The  anterior  surface,  which  looks  more  or  less  upwards  as  well  as 
forwards,  is  entirely  covered  by  the  peritoneum  of  the  greater  sac.  It  is  in  contact 
with  the  under-surface  of  the  left  lobe  of  the  liver  and  the  diaphragm,  and  frequently 
also  with  the  quadrate  lobe  of  the  liver  and  the  anterior  abdominal  wall  below 
the  costal  margin.  Occasionally,  the  transverse  colon  is  found  in  front  of  the 
stomach. 

The  posterior  surface  is  covered  above  by  the  greater  sac,  the  peritoneum  being 
continued  from  the  anterior  surface  over  the  fundus  on  to  the  upper  part  of  the 
posterior  aspect.  In  the  neighbourhood  of  the  cardia,  there  is  an  area  of  the  stomach 
of  variable  size,  uncovered  by  peritoneum.  When  small,  this  area  is  in  direct  contact 
with  the  diaphragm  (see  fig.  92),  and  is  bounded  by  the  gastro-phrenic  ligaments; 
but  it  may  be  so  large  as  to  reach  outwards  to  the  left  kidney  and  suprarenal 
gland,  and  as  far  downwards  as  the  pancreas,  when  the  area  becomes  limited 
partly  by  gastro-renal  and  gastro-pancreatic  folds.  The  pyloric  part  of  the  posterior 
surface  of  the  stomach  may  be  covered  by  the  peritoneum  of  the  lesser  sac,  but 
not  infrequently  it  lies  in  direct  contact  with  the  pancreas.  Sometimes  the 
uncovered  area  extends  along  the  lesser  curvature,  from  the  cardia  to  the  pylorus, 
in  which  case  the  lesser  sac  is  divided  into  two  distinct  portions — the  bursa  omenti 
majoris  and  bursa  omenti  minoris.  The  posterior  aspect  of  the  body  of  the  stomach 
is  lined  by  the  peritoneum  of  the  recessus  lienalis  of  the  bursa  omenti  majoris. 
(For  further  particulars  regarding  the  relation  of  the  posterior  surface  of  the 
stomach  to  the  peritoneum,  see  P.  T.  Crymble,  '  Gastro-pancreatic  Folds,'  Jour. 
Anat.  and  Phys.,  vol.  xlvii.) 
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The  structures  which  lie  behind  I  be  Btomach  were  described  by  the  late  Professor 
Birmingham1  as  forming  the  stomach-bed.  They  include  a  small  part  of  the 
diaphragm,  the  gastric  surface  of  the  Bpleen,  sometimes  part  of  the  Buprarenal 
gland  ami  the  apper  end  <d  the  kidney,  the  pancreas,  and  the  transverse  meso- 
colon.  This  peritonea]  fold  Beparates  the  lower  part  of  the  stomach  from  some  of 
the  convolutions  of  the  jejunum  (fig.  82). 


W*f/."L-F 


I  i...  95.  -  View  in   Tin.  stomach  in  situ  AFTER  removal  of  the  liver  and  the  intestine  (except  the 
DUODENUM     \m>    commencement   of   jkjinim).     (Tostut.) 
A.  diaphragm  ;  !'..  B',  thoracoabdominal  parietea  ;  I '.  right  kidney  with  e,  its  ureter  ;  D.  right  suprarenal 
gland  ;  E,  left  kidney  with  e,  its  ureter  ;   1'.  spleen  ;  G,  G',  aponeuroses  of  the  transverse  abdominal  muscles 
'11-  In m I >< >i ii  111  muscle  :    H  .  left  ditto;    I,  right  psoas  magnus  and  parvus  muscles;    I',  left 
K,  <BSOphagU8  ;  L,  stomach  :   M.  duodenum  ;  X.  jejunum  ;  the  position  of  the  duodeno-jejunal  junction 
behind  the  indicated  by  dotted  lines.      1.  tern i ination  of  oesophagus  ;   2,  great  curvature  of  stomach  ; 

I     orvature;    4.  fundus;    5.  antrum  pylori;    6,  pyloric  end ;    7,  right  vagus  nerve  ;    8,  left  ditto  ;    9, 
i-    ;eirt.i  ;    '.I',  abdominal  aorta:     10,   inferior  |ihrenie  artery;     11,  eceliac  artery;    12,  hepatic  artery; 
i-epiploic;    14,  left  gastric  artery ;    16,  splenic  artery ;    16,  16',  superior  mesenteric  artery  and 
■nt.  i  ii   artery ;    18,  spermatic  arteries  ;    1 '.I,  gall-bladder  ;   20,  cystic  duct ;   21,  hepatic 
renai  mi:  23,  j  •>  ■  •  t .  1 1  rein;  24,  sympathetic  cord. 


Borders.— The    borders   of  the   stomach  are  termed   the   small   and   great 

curvatures.     They  give  attachment  to  folds  of  peritoneum,  between  the  layers 

of  which  I ih X .J -vessels  and  lymphatics  reach  the  organ.     The  small  curvature  is 

ed  I*     ii    giving  attachment  to  the  smuU  omentum.     It  passes  from 

ardia  at  firsl  downwards  and  a  little  to  the  left,  and  then  turns  somewhat 

I    the    Anatomy   of    the    Digestive    System,'     Jour.    Anat    and    Phys.,    vol.    xxxv., 
October  1900. 
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abruptly  upwards  and  to  the  right,  to  end  at  the  upper  border  of  the  pylorus.  This 
bend  on  the  lesser  curvature  is  known  as  the  incisura  angularis}  Between  this 
notch  and  the  pylorus,  the  lesser  curvature  often  exhibits  a  depression,  separating 
two  prominences.  The  great  curvature  is  about  three  times  (Berry)  as  long  as  the 
small,  and  consists  of  an  upper,  a  left,  and  a  lower  portion.  At  its  commencement, 
it  is  separated  from  the  cardia  by  a  deep  notch — the  incisura  cardiaca.     From  this 


Fig.  96. — View  of  the  liver,  duodenum,  pancreas,  spleen,  etc.     The  greater  part  of  the  stomach  has 
been  removed  to  show  its  posterior  relations;  its  position  is  indicated  by  a  dotted  outline.     (Testut.) 

A,  inferior  surface  of  liver  ;  B,  right  kidney  ;  C,  C,  right  and  left  suprarenal  glands :  D,  left  kidney  : 
E,  pancreas  ;  F,  upper  part  of  stomach ;  G,  spleen  ;  H,  duodenum  with  a,  b,  c,  d,  its  four  portions  ;  I,  jejunum  ; 
K,  duodenojejunal  junction  ;  1,  lower  end  of  oesophagus  ;  2,  pyloric  orifice  ;  3,  coeliac  artery  ;  4,  left  gastric 
artery  ;  5,  hepatic  artery  ;  6,  lobus  caudatus  of  liver  ;  7,  7',  splenic  vessels;  8,  left  gastro-epiploic  ;  9,  right 
gastro-epiploic;  10,  superior  mesenteric  vessels;  11,  portal  vein;  12,  hepatic  duct;  13,  cystic  duct;  14, 
gall-bladder;  15,  left  crus  of  diaphragm  ;  16,  aorta;  17,  inferior  vena  cava;  18,  inferior  mesenteric  vessels ; 
19,  19',  spermatic  vessels. 


notch,  it  will  be  found  to  pass  to  the  left,  forming  an  upwardly  directed  convexity, 
where  it  encircles  the  upper  part  of  the  fundus.  On  the  left  side  of  the  fundus, 
it  first  passes  nearly  straight  downwards,  and  then  turns  to  the  right  to  end  at 
the  pylorus.  Its  vertical  portion  gives  attachment  to  the  gastro-splenic  ligament 
(lir/amentum  gastrolienale) ,  and  its  lower  to  the  great  omentum.  The  transverse 
colon  generally  lies  near  the  lower  border  of  the  stomach.     Depressions  on  the 

1   His,  '  Studieu  an  geharteten  Leichen  ueber  Form  und  Lagerung  des  menschlichen  Magens,'  Arch.  f. 
Anatomie,  1903. 
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ter  curvature  are  often  Been.     One  on   the  vertical  portion  may  lie  so  well 
marked  .1-  to  produce  an  hour-glass  contraction  of  the  Btomach.     Another,  2  cm. 
in.  From  the  pylorus  (see  fig.  88),  was  termed  by  His  the  sulcus  intermedins, 
h  depressions  are  of  .1  transitory  nature. 

Dimensions.  -These  vary  greatly  iii  different  subjects,  and  also  according  in 
the  Btate  of  distension  oi  the  organ.  When  moderately  filled,  its  length,  measured 
from  the  top  oi  the  Fundus  to  the  lowest  pari  of  the  great  curvature,  is  about  20  cm. 

to  22  cm.,  and  its  diameter  at  the  widest  part 

c       -.  ,_      ..  y  "'  -  ..  from  8  cm.  to  9  cm.     The  distance  between    its 

two  orifices  varies  from  7  cm.  to  15  cm.  Its 
capacity  varies  so  much,  according  to  the  dietetic 
habits  of  the  individual  and  the  degree  of  tonicity 
of  its  muscular  coat  and  that  of  the  abdominal 
wall.  1  hat  it  is  difficult  to  give  an  average.  It 
may  appear  moderately  distended  when  it  contains 
about  -Kill  c.c,  and,  on  the  other  hand,  may 
readily  accommodate  several  litres. 

Variations  according*  to  age. — In  the 
new-born  child,  the  stomach  is  small  and  usually 
empty.  Its  general  form  and  position  are  very 
similar  to  that  of  the  empty  and  contracted 
stomach  in  the  adult:  but  in  consequence  of  the 
large  size  of  the  left  lobe  of  the  liver,  the  whole 
of  its  anterior  surface  is  covered  by  this  organ. 
When  it  becomes  distended,  the  movement  of  its 
pyloric  portion  towards  the  right  side  is  probably 
impeded  by  the  large  size  of  the  liver. 
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APPEARANCE     AND     NAKED-EYE    STRUCTURE     OF 
THE    STOMACH. 


The  stomach  has  four  coats :  named,  in  order 
from  without  inwards,  the  serous,  muscular,  areolar 
"i  submucous,  and  mucous  tunics  (rig.  97). 

The  external  or  serous  coat  (tunica serosa), 
derived  from  the  peritoneum,  is  a  thin,  smooth, 
transparent  and  elastic  membrane,  which  closely 
covers  the  entire  viscus,  except  along  its  two 
curvatures  and  a  variable  extent  of  its  posterior 
surface.  Along  the  curvatures,  the  attachment 
of  the  peritoneum  is  looser,  leaving  an  interval 
occupied  by  the  large  blood-vessels. 

The    second,    or     muscular    coat    (tunica 
muscularis),  is  composed  of  plain  muscular  tissue  ; 
three  sets  of  lilues.  disposed  in  layers, and  named, 
from  their  direction,  lh<   longitudinal,  the  circular,  and  the  oblique  fibres. 

The  first  or  outermost   layer  consists  of  the  longitudinal  fibres  rig.  '.»7.  J.m., 

■  U.  whirl,  are  in  direel   continuity    with  those  of  the  (esophagus.     They 

in  a  radiatine  manner  from  I  he  cardiac  orifice,  and  are  found  in  greatest 

abundance  along  the  curvatures    especially  the  lesser  one.     On  the  anterior  and 

irfaces,  they  are   very  thinly  scattered,   or  scarcely  to  be  found,  but, 

are  well  marked  and  form  a  uniform  layer,  which,  at  the  pylorus, 
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Fig.  98. — Sketch  of  the  arrangement  of  the  fibres  in  the  muscular  coat  of  the  stomach. 

One-third  natural  size.     (Allen  Thomson.) 

A,  external  layer  of  longitudinal  fibres,  as  seen  from  the  outside  ;  B,  middle  layer  of  circular  fibres  as 
on  removing  the  longitudinal  layer;    C,  oblique  fibres  exposed  by  removing  some  of  the  fibres  >>!  the  circular 
layer,  the  cut  edges  of  which  are  seen  below  the  small  curvature. 

c,  the  cardiac  end;  p,  the  pyloric  end;  in  A  are  shown  the  stronger  longitudinal  fibres,  passing  along 
the  small  and  large  curvatures,  and  all  round  the  pyloric  end,  and  radiating  from  the  end  of  the  gullet 
over  the  front  (and  back)  of  the  stomach;  in  B,  the  nearly  uniform  layer  of  circular  fibres,  in  two  sets 
crossing  each  other  very  obliquely  at  o,  and  at  the  cardiac  end  becoming  concentric  to  the  centre  of  the 
fundus  in  G,  the  oblique  fibres,  ob,  ob' ,  which  form  a  continuation  of  the  circular  fibres  of  the  gullet  (as), 
and  spread  from  the  left  side  of  the  cardiac,  gradually  merging  into  the  deeper  circular  fibres,  with  which 
finally  they  entirely  blend. 
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splits  up  into  a  superficial  set  of  fibres  continuous  with  the  longitudinal  fibres 
of  the  duodenum,  and  a  deepei  Bet  which  'turn  into  the  sphincter-ring,  and  there 
■■I  out  in  the  form  of  diverging  fasciculi,  many  of  which  reach  the  subjacent 
mucosa  '  (Cunningham,  'Trans.  Koval  Soc  of  Kdinburgh.'  vol.  xlv.,  1906). 

The  ■  •  ond  sel  consists  of  the  circular  fibres  (fig.  97,  cm.  ;  fig.  98,  B).  which  form 
a  complete  layer  over  the  whole  extent  of  the  stomach,  except  the  fundus.  This 
layer  gradually  becomes  thicker  as  it  passes  towards  the  pylorus.  If  the  pyloric 
pan  of  the  stomach  Lb  contracted,  the  fibres  form  a  layer  2  mm.  to  3  mm.  in  thickness, 
which  ends  at  the  pylorus  bo  form  the  pyloric  sphincter.  According  to  Cunningham, 
these  sphincter  fibres  are  not  continuous  with  the  circular  fibres  of  the  duodenum. 
At  the  cardia,  the  superficial  circular  fibres  of  the  lower  end  of  the  right  side  of  the 
oesophagus  pass  obliquely  downwards  on  the  anterior  and  posterior  surfaces  of 
the  Btomach,  and  gradually  blend  with  the  circular  fibres  of  the  middle  layer  and 

aNo  wit  h  t  lie  internal  layer. 

The  innermost  muscular  layer  forms  what  are  known  as  the  oblique  fibres  ;  but 
Birmingham1  states  that  the  majority  of  its  fibres  are  circular,  and  surround  the 
Fundus  in  the  same  way  as  the  circular  fibres  of  the  middle  layer  invest  the  rest 
of  the  stomach.  At  the  cardia,  these  circular  fibres  become  continuous  with  the 
oblique  fibres,  which  form  a  loop  at  the  incisura  cardiaca  and  pass  downwards  and 
i ait  wards  over  the  two  surfaces  of  the  stomach,  and  blend  with  the  circular  fibres 
of  the  middle  layer.  These  oblique  fibres  are  best  seen  by  the  removal  of  the  mucous 
membrane.3 

The  submucous  coat  (tela  submucosa)  is  a  distinct  layer  connecting  the 
muscular  and  mucous  coats  (fig.  97,  sm.).  It  consists  of  areolar  tissue,  in  which 
occasional  fat-cella  may  be  found;  and  it  is  the  seat  of  division  and  passage  of 
the  blood-vessels. 

The  internal  coat  or  mucous  membrane  is  a  smooth,  soft,  rather  thick 
and  pulpy  membrane,  which  in  the  fresh  state  has  generally  a  somewhat  pink  hue, 
owing  to  the  blood  in  its  capillary  vessels.  In  infancy,  the  vascular  redness  is 
more  marked. 

The  mucous  membrane  is  thickest  in  the  pyloric  region,  and  thinnest  in  the 
great  cul-de-sac.     It  always  becomes  thinner  in  old  age. 

It  is  connected  with  the  muscular  coat,  by  means  of  the  intervening  submucous 

.   sn  loosely  as   to   allow   of  considerable   movement   or   displacement.     In 

equence  of  this,  and  of  the  want  of  elasticity  of  the  mucous  membrane,  the 

internal   surface  of  the  stomach,  when  that  organ  is  in  an  empty  or  contracted 

it   thrown  into  numerous  convoluted  ridges — rugce — which  are  produced  by 

the   wrirdding  of  the  mucous,  together   with   the  areolar  coat,  and  are  entirely 

obliterated  by  distension  of  the  stomach.     These  folds  have  a  general  longitudinal 

direction     especially  along  the  lesser  curvature  from  the  cardia  to  the  incisura 

augularis,  and   in  the  pars  pylorica.     The  folds  parallel  to  the  lesser  curvature 

form   the  canalis  gastricw  (Magenstrasse  of  Waldeyer).     Two  elevations  of  the 

membrane    are    found    opposite    the    incisura    cardiaca    and    incisura 

annularis. 

When  the   pyloric  canal  is  closed,   the  longitudinal  folds  of  its  mucous  mem- 

te  abruptly  at  the   duodenum,   and  form  a  prominence  into  the 

duodenum,  surrounded  by  a   groove  and  bounding  a  stellate  orifice  (see  fig.  94.  a). 

If  the  stomach  and  duodenum  are  distended,  the  junction  between  their  cavities 

,  indicated  by  an  annular  projection  of  the  mucous  membrane  and  of  the  circular 

B  Arrangement  of  the  Muscular  Fibres  of  the  Stomach,'  Jour,  of  Anal,  and  Phys.,  vol.  xxxiii.,  Oct. 
1898. 

B    Til."-    znr    Keuntnis    des    menschlichen   Magens,'    Zeitschrifi  fur   Morphologie   und 
■'jit,  Sonderheft  L,  1912, 
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muscular  fibres,  bounding  a  round  or  oval  aperture,  which  seldom  exceeds  12  mm. 
in  diameter. 

On  examining  the  gastric  mucous  membrane  closely,  with  the  aid  of  a  simple 
lens,  it  is  seen  to  be  marked  throughout — but  more  plainly  towards  the  pyloric 
extremity — with  small  depressions,  which  have  a  polygonal  figure,  and  vary  froni 
about  0-12  mm.  to  0'25  mm.  across,  being  larger  and  more  oblong  near  the  pylorus. 


l.m. 


Fig.  99. — Section  through  the  coats  of  the  stomach  to  show  the  arrangement  of  the  principal 

BLOOD-VESSELS.       (Mall.) 

On  the  right  side  of  the  figure  the  glandular  and  muscular  elements  are  shown  ;  on  the  left  only  the  blond- 
vessels.  It  will  be  seen  that  the  principal  vessels  are  in  the  submucous  tissue,  and  that  from  these,  branches 
are  distributed  to  the  mucous  membrane  and  to  the  muscular  coat. 

They  are  the  enlarged  mouths  or  ducts  of  the  tubular  glands  with  which  the  mucous 
membrane  of  the  stomach  is  beset. 

Towards  the  pyloric  region  of  the  stomach,  these  depressions  are  larger  and 
deeper,  and  their  margins  are  elevated  into  pointed  processes,  which  resemble- 
especially  in  vertical  section— rudimentary  villi ;  but  the  perfect  forms  of  those 
appendages  exist  only  in  the  small  intestine,  and  make  their  appearance  in  the 
duodenum  immediately  beyond  the  pylorus. 

Blood-vessels,  lymphatics,  and  nerves. — The  stomach  is  a  highly 
vascular  organ.  Its  arterial  branches,  derived  from  all  three  divisions  of  the 
cceliac  artery,  reach  the  stomach  between  the  folds  of  the  peritoneum,  and  hum.  by 
anastomosing  together,  two  principal  arterial  arches,  which  are  placed  along  its 
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two  curvatures.  Theii  branches  pass  through  the  muscular  coat  (to  which,  in 
passing,  they  give  ofi  si arterioles),  and  divide  into  smaller  vessels  in  the  Bub- 
mucous  areolar  tunic,  where  they  also  freely  anastomose,  and  whence  they  are 
distributed  to  the  mucous  membrane  and  to  the  muscular  layers.  The  arterial 
branches  ( i i lt .  99),  which  enter  the  mucous  membrane,  pass  between  the  tubuli, 
ramifying  freely  in  a  radial  manner:  here  they  form  a  plexus  of  line  capillaries 
upon  the  walls  of  the  tubuli ;  and  from  this  plexus,  larger  vessels  pass  into  a  coarser 
capillary  network  around  the  mouths  of  the  glands.  The  veins,  fewer  in  numbei 
than  the  arteries,  arise  from  the  latter  network,  and  take  an  almost  Btraighl   course. 

through  the  mucous  membrane  between  the  glands, and  join  to  form  a  plexus  of 
larger  vessels  near  the  bases  of  the  idands.  From  tins  plexus,  pass  off  branches, 
which,  alter  piercing  the  muscularis  mucosa'  and  forming  a  wide  venous  plexus  in 
the  submucous  tissue,  return  the  residual  blood  into  the  splenic  and  superior 
mesenteric  veins,  and  also  directly  into  the  vena  porta'.  These  veins,  as  well  as 
other  tributaries  of  the  vena  porta',  have  a  particularly  well-marked  muscular 
coat,   and   contain  numerous  valves  (Hochstetter). 

The  lymphatics  are  very  numerous.  As  shown  by  Loven,  they  arise  in  the 
mucous  membrane  by  a  dense  network  of  lacunar  spaces,  situated  between 
and  amongst  the  udand-tubuli,  which,  as  Avell  as  the  blood-vessels,  in  many  parts 
they  enclose  in  sinus-like  dilatations.  Near  the  surface  of  the  membrane,  the 
lymph  is  collected  into  vessels  which  form  loops  or  possess  dilated  extremities  : 
these  vessels  are  less  superficial  than  the  blood  capillaries.  At  the  deeper  part 
of  the  mucous  membrane,  the  mterglandular  lymphatics  pass  into  a  plexus  of 
line  vessels  immediately  underlying  the  tubular  glands;  then  piercing  the 
muscularis  mucosae,  they  form  a  coarser,  more  deeply  seated  network  in  the 
submucous  coat,  the  vessels  of  this  network  being  provided  with  valves.  Thence 
afferent  lymphatics  proceed,  and.  piercing  the  muscular  coats,  follow  the  direction 
of  the  blood-vessels  beneath  the  peritoneal  investment.  The  areas  drained  by  these 
afferent  lymph  -vessels  closely  correspond  with  the  areas  supplied  by  the  arteries, 
and  they  follow  the  course  of  these  blood-vessels  as  far  as  their  termination.  The 
•it  Lymphatics  from  the  glands,  on  the  other  hand,  leave  the  vessels  and  pass 
towards  the  cisterns  chyli. 

Numerous  lymphatic  glands  are  found  in  close  relation  with  the  stomach. 
The  most  important  group  is  situated  along  the  lesser  curvature.  The  glands 
of  this  set  are  most  numerous  towards  the  upper  end  of  the  curvature,  where 
the  left  gastric  arterj  gives  off  its  oesophageal  branch.  A  chain  of  small 
glands  surrounds  the  cardiac  end  of  the  stomach — most  of  them  in  front  and  on 
it-  right  and  left  sides.  The  glands  associated  with  the  splenic  artery  are  few 
in  lumber,  and  are  mainly  situated  along  the  upper  border  of  the  tail  and  body  of 
the  pancreas.  A  [lumber  of  glands  is  found  in  relation  to  the  branches  of  the 
hepatic  artery  distributed  to  the  stomach.  As  a  rule,  there  are  no  glands  on  the 
righl  gastric  artery,  but  four  or  five  glands  are  usually  found  on  the gastro-duodenal 
artery,  and  rather  more  in  the  greal  omentum  just  below  the  right  gastro-epiploic 
artery.  (For  further  particulars  regarding  the  lymphatics  of  the  stomach. 
all  Jamieson  and  Dobson,  '  The  Lymphatic  System  of  the  Stomach,' Lancet, 
April  20,  19 

■    nerves,  which   are  large,  consist  of   the  terminal    branches   of    the   two 

vagi  uerveSj   belonging  to   the  cerebro-spinal   system,   and  of  offsets  from  the 

Tnpathel  •  m,  derived  from  the  cceliac  plexus.    The  left  vagus  nerve  descends 

on  the  front, and  the  righl  upon  the  back, of  the  stomach,  and  both  nerves  are  here 

composed  al I  entirely  of  aon  medullated  nerve-fibres.     Numerous  small  ganglia 

iund  by  Remah  and  others  on  both  the  vagus  and  sympathetic  twigs. 


SMALL  INTESTINE  97 

The  nerves  form  gangliated  plexuses  (like  the  myenteric  and  submucous  plexuses 
of  the  intestine),  both  between  the  layers  of  the  muscular  coat  and  in  the  submucous 
coat.  From  these  plexuses,  nerve-fibrils  proceed  to  the  muscular  tissue  and  to  the 
mucous  membrane. 

Varieties. — In  complete  transposition  of  the  viscera,  the  stomach  will  of  course  lie  on  tin- 
right  side.  Congenital  hour-glass  contraction  of  the  stomach  is  rare.  This  contraction  is  often 
met  with  in  the  adult,  without  any  signs  of  disease,  and  it  is  due  to  a  localised  temporary, 
or  physiological,  contraction  of  the  circular  muscular  fibres.  Congenital  stenosis  of  the  pylorus 
occasionally  occurs. 

INTESTINUM  TENUE. 

The  small  intestine  (intestinum  tenue)  commences  at  the  pylorus,  and,  after 
many  convolutions,  terminates  in  the  large  intestine.  According  to  Treves,  it 
measures,  on  an  average,  about  7  metres  (22|  feet)  in  length  in  the  adult,  and 
becomes  gradually  narrower  from  its  upper  to  its  lower  end. 

Treves  (The  Anatomy  of  the  Intestinal  Canal  and  Peritoneum  in  Man.  1885)  made  his 
measurements  on  fresh  material,  in  which  the  bowel  is  very  distensile.  Sernoff  ('  Zur  Kenntnis 
der  Lage  und  Form  des  mesenterialen  Teiles  des  Diinndarmes,'  Internal.  Monatsch.  f.  Aunt,  und 
Phys.,  Bd.  xi..  Heft  10),  found,  in  hardened  subjects,  the  length  to  be  on  an  average  .V3  metres. 

Its  convolutions  may  extend  into  all  the  regions  of  the  abdomino-pelvic  cavity 
situated  below  the  transpyloric  plane  of  Addison,  and  they  are  sometimes  found 
reaching  upwards  above  this  plane,  especially  on  the  left  side. 

The  small  intestine  is  divided  into  three  portions,  which  have  received  different 
names.  The  first  ten  or  twelve  inches  immediately  succeeding  to  the  stomach,  and 
comprising  the  widest  and  most  fixed  part  of  the  tube,  is  called  the  duodenum. 
This  part  is  further  distinguished  by  its  close  relation  to  the  head  of  the  pancreas 
and  by  the  absence  of  a  mesentery.  The  remainder,  which  is  arbitrarily  divided 
into  an  upper  two-fifths  called  the  jejunum,  and  a  lower  three-fifths  called  the 
ileum,  is  very  convoluted  and  movable,  being  connected  with  the  posterior  abdominal 
wall  by  a  long  and  extensive  fold  of  peritoneum  called  the  mesentery,  and  by 
numerous  blood-vessels  and  nerves.  Although  there  is  no  distinct  line  of 
demarcation  between  the  jejunum  and  the  ileum,  yet  the  portion  of  the  small 
intestine  included  under  these  two  names  gradually  undergoes  certain  changes 
in  structure  and  appearance  from  above  downwards,  so  that  the  upper  end  of  the 
jejunum  can  readily  be  distinguished  from  the  lower  part  of  the  ileum. 

POSITION    AND    RELATIONS    OF    THE   SEVERAL    TARTS    OF    THE    SMALL    INTESTINE. 

Duodenum. — This  is  the  shortest  and  widest  part  of  the  small  intestine.  In 
length  it  measures  about  25  cm.  to  30  cm.,  and  in  diameter  3*5  cm.  to  5  cm. 
In  its  course,  it  describes  a  single  large  curve,  which,  when  the  stomach  is  empty, 
forms  an  almost  complete  ring,  its  termination  in  the  jejunum  being  only  a  little 
to  the  left  of  its  commencement  (Braune).  Distension  of  the  stomach,  and  the 
consequent  movement  of  the  pylorus  towards  the  right  side,  makes  the  curve 
of  the  duodenum  U-shaped  rather  than  annular.  The  curve  of  the  duodenum 
does  not  all  lie  in  one  plane  ;  for,  while  the  commencement  of  the  first  part,  the 
greater  portion  of  the  third  and  the  fourth  parts,  occupy  a  coronal  plane  the 
termination  of  the  first  part,  the  second  part,  and  the  beginning  of  the  third,  bend 
backwards  on  the  right  side  of  the  inferior  vena  cava  and  occupy  approximately  a 
sagittal  plane.1      The  concavity  embraces  the  head  of  the  pancreas. 

i  A.  Birmingham,  'The  Topographical  Anatomy  of  the'Spleen,'  &c,  Jour.  Anat.  and  Phys..  vol.  xsxi.. 
1897. 
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It  lias  ao  mesentery,  and  is  covered  only  partially  by  peritoneum.  Its  muscular 
[a  comparatively  thick,  and  its  submucous  layer  towards  the  pylorus  is  the 
seal  of  the  glandulse  duodenales  or  I  lie  glands  of  Brunner.  The  common  bile-duct 
and  the  pancreatic  duct  open  into  this  part  of  the  intestinal  canal. 

The  duodenum  may  be  divided,  for  the  purpose  of  anatomical  description,  into 
four  parts. 

The  firsl .  or  pars  superior,  is  the  most  variable  in  Length  and  direction,  since, 
while  its  termination  is  fairly  fixed  in  position,  the  pylorus,  from  which  it  starts, 


Fio.  LOO.— View  of  the  duodenum,  pancreas,  spleen,  etc.     (Testufc.) 

tin    "toniiU'h  l.i-  licni  n  nidvcd.  exposing  the  posterioj  relations. 

A.  oi  Livei  :    B,  right  kidnej  ;   G,  C,  right  and  Left  suprarenal  glands;  D,  left  kidney; 

E,  pancreas;   F,  uppei  part  of  stomach ;  G,  spleen;   H,  duod<  ■nuin  «  it  li  «.  I>.  c.  </.  its  tour  portions;  1.  jejunum  ; 

K,  dui  inal  junction  ;    L,  lower  end  of  oesophagus  ;   2,  pyloric  orifice  ;   3,  cicliac  artery  ;   •*.  < nronary 

rterj  ;    6,  tobue  caudatue  oi  liver;  7.  7  .  splenic  vessels;  8,  Left  gastro-epiploic  artery; 

tro-epiploic  artery ;    LO,  superior  mesenteric  vessels  ;    1 1.  portal  vein  ;    12.  hepatic  duet  :    13.  cystic 

:    L6,  left  cms  of  diaphragm ;  16,  aorta;  17,  inferioj  renacava;  18,  inferior  mesenteric 

;  19,    19  .  -)"■!  mail'    \ '  - 

datively  mobile.     If  the  pylorus  lies  belowthe  inferior  border  of  the  anterior 

surfai  •■  of  the  liver,  or  only  slightly  overlapped  by  this  organ,  and  is  also  placed 

somewhal  to  the  ri^ht  of  the  median  plane,  the  main  direction  of  the  superior  pari 

be  backwards  and  upwards;  whereas  if  the  pylorus  is  well  under  cover  of  the 

d  in  the  median  plane,  or  somewhat  to  the  left  of  this  plane,  the  direction 

I  will  be  at   firsl  mainly  to  the  right,  and  only  towards  its  termination 

,<  line  backwards.     The  anterior  surface  may  be  in  contact  with  the  anterior 
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abdominal  wall  before  reaching  the  under-surface  of  the  liver,  while  in  other  cases 
its  whole  extent  may  be  in  contact  with  the  quadrate  lobe.  Behind  it  are  the 
pancreas,  the  portal  vein,  the  gastro-duodenal  artery,  and  the  common  bile-duct. 
The  first  part  ends  close  to  the  neck  of  the  gall-bladder. 


Portal  wen  and 
Hepatic  artc-y 

Bue  Duct 


Neck  o*  Pancreas  " 
Head   ol  Pancrea? 


Accessory     — — 
Pancreatic  Duct 

Duodenum  ooeneo 
to  expose  lumen 


^§tr- 


Bile  Duct 
Major  Papilla 


Caudal  oortion   of 
head  of  Pancreas 


Body  of  Pancreas 
Tail  of  Pancreas 


—  Pancreatic  Duct 
Superior  mesenteric  vessels 


Twig  draining  caudal  portion  of  Head 
Duodenojejunal  flexure 


Fig.  101.— Duodenum  and  pancreas,  viewed  from  the  front.     (\V.  M.  Baldwin.) 

The  second,  or  pars  descendens.  is  about  8  cm.  long.  It  commences  just 
below  the  neck  of  the  gall-bladder,  opposite  the  right  side  of  the  first  lumbar  vertebra, 
and  passes  down  to  the  level  of  the  body  of  the  third  or  fourth  lumbar  vertebra, 
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Fig.  102. — Horizontal  section  op  the  trunk  of  a  man  aged  fifty  years,  at  the  level  of  the  iusk 

BETWEEN     THE     BODIES     OF     THE    SECOND     AND     THIRD     LUMBAR     VERTEBRA.        ( >ne-third     natural    M/c. 

(P.  T.  Crymble.) 
The  second  or  descending  and  the  fourth  or  ascending  portions  of  the  duodenum  are  divided  in  this  section. 


where  it  turns  sharply  inwards  to  join  the  third  part.  Its  anterior  surface  usually 
gives  attachment  to  the  transverse  meso-colon,  and  is  entirely  covered  by  peritoneum 
with  the  exception  of  the  small  interval  between  the  two  layers  of  the  meso-colon. 
This  small  uncovered  area  is  sometimes  considerably   increased,,  owing  to  the 
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transvers Ion  being  here  destitute  <'f  a  meso-colon,  and  separated  bom  the 

duodenum  by  areolai  tissue  only.  Above  the  transverse  colon,  the  anterior  surface 
is  in  oontacl  with  the  liver.  The  posterior  surface  has  no  peritoneal  covering, 
bul  is  connected  by  areolar  tissue  to  the  righl  kidney  and  its  vessels  and  the  ureter 
and  the  psoas  muscle.  There  are  considerable  variations  in  the  relations  of  the 
second  pari  of  the  duodenum  to  the  right  kidney.  According  to  Cunningham, 
they  are  probably  due  rather  to  variations  in  tin-  position  of  t lie  kidney  than  of 

the  duodenum.     As  a  rule,  the  duodenum  co 8  in  contact  with  the  kidney  a  little 

above  its  hilum,  and  reaches  down  to  about  the  level  of  its  lower  end.  To  the 
left  is  the  head  of  the  pancreas  (see  fig.  101),  which  adapts  itself  to  the  shape  of 
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FlO.    103.       EOMZONTA]     SECTION    OF  THE  TRUNK  OE     \     iu\.     LQED    FIFTY     i'EARS,    AT    Tin:    LEVEL    OFjrHE 

iu-k  between    no.  nniMi   we  foubth  iimiur  vkhtkhu-k.     One-third  natural  size.    (P.  T.  Crymble.) 
The  third  or  horizontal  pari  of  the  duodi  num  is  divided  in  this  section. 

the  intestine  on  thai  side.  and.  according  to  Verson,  some  of  the  longitudinal  fibres 

nl  i  be  gu1  are  intercalated  amongst  the  contiguous  lobes  of  the  gland.     The  common 

bile-duct  descends  behind  the  left  border  of  this  part  of  the  duodenum,  and  the 

itic  duct  accompanies  it  for  a  short  distance. 

The  third,  or  para  horizontalis.nl  the  duodenum  is  between  6  cm.  and  8  cm. 

long.     Beginning  on  the  righl  of  the  third  or  fourth  Lumbar  vertebra,  it  crosses  over 

to  the  lefl  side,  with  a  sligbl  upward  inclination,  and  ends  to  the  left  of  the  aorta  by 

curving  upwards  to   join  the  ascending  or  terminal   part   of  the  duodenum.     Its 

anterior  surface  is  covered  by  peritoneum  at   its  commencement;    but  near  the 

median  plane,  it  becomes  separated  from  the  anterior  layer  of  the  mesentery   by 

the  superior  mesenteric  vessels,  which  groove  its  anterior  surface.     Behind,  it  lies 

againsl  the  righl  psoas  muscle,  the  inferior  vena  cava,  the  aorta,  and  the  left  psoas 

muscle.     On  the  righl   side,  its  posterior  surface  is  uncovered   by  peritoneum: 

but  towards  the  left,  the   posterior  parietal  peritoneum  is  sometimes  prolonged 

upwards,  behind  it,  fo]  a  variable  distance.     Above  i1  is  the  head  of  the  pancreas. 

The  fourth,  or  para  ascendens,  is  about  5  cm.  long.     It  passes  upwards  on  the 

eft  side  of  the  aorta  as  high  as  the  upper  border  of  the  second  lumbar  vertebra, 

re  it  turn-  abruptly  forwards  to  join  the  jejunum,  forming  the  duodeno-jejunal 

I'        overed  in  Eronl  and  on  the  lefl  side  by  the  peritoneum,  which  often 

lefl  side  one  or  two  peritoneal  pouches  called  the  duodenal  fossae,  and 

it  lies    behind   the   transverse   meso-colon,   which    usually   separates  it   from  the 
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stomach,  although  some  convolutions  of  the  jejunum  may  intervene  (fig.  102).  It 
rests  on  the  left  psoas  muscle — the  inner  margin  of  the  left  kidney  is  sometimes 
slightly  overlapped  by  it — and  near  its  upper  end  the  left  renal  vein  passes  behind  it. 

From  its  peritoneal  relations,  the  duodenum  may  be  divided  into  two  portions — •pars  supra-colica 
and  pars  infra-colic  a.  The  supra-colic  part  is  situated  above  the  line  of  attachment  of  the  transverse 
meso-colon,  and  includes  the  first  and  the  upper  part  of  the  second  portion  of  the  duodenum  ; 
while  the  infra-colic  is  below  this  line,  and  comprises  the  remaining  portion  of  the  duodenum. 
The  pars  infra-colica  may  be  subdivided  into  a  right,  a  sub-mesenteric,  and  a  left  portion 
(Waldeyer,  '  Die  Kolon-Nischen,  u.s.w.,'  Abh.  d.  k.p.  Akad.  d.  Wissensch.  zu  Berlin,  1000).  The  first 
part  of  the  duodenum  has  been  called  sub-hepatic,  the  second  the  prse-renal,  and  the  third  the 
pra-aortic.  (Jonnesco,  '  Sur  l'anatomie  topographique  du  duodenum,'  Bull,  de  la  Soc.  Aim!,  dt 
Paris,  1889). 

Musculus  suspensorius  duodeni. — The  fixation  of  the  upper  end  of  the  terminal  part  of 
the  duodenum  is  largely  affected  by  a  band  composed  of  fibrous  and  muscular  tissue,  which  con- 
nects it  with  the  right  eras  of  the  diaphragm,  and  is  known  as  the  musculus  suspensorius  duodeni 
of  Treitz.1  This  band  has  a  left  free  border,  lateral  to  which  is  the  inferior  mesenteric  vein,  and 
on  the  right  side  it  is  continuous  with  a  layer  of  fibrous  tissue  which  extends  below,  partly  into 
the  mesentery  and  partly  into  the  concavity  of  the  duodenum.  When  traced  upwards,  it  is 
found  to  form  a  small  elastic  tendon,  which  lies  to  the  left  of  the  origins  of  the  superior  mesenteric 
and  eceliac  arteries  and  in  front  of  the  coeliac  plexus.  This  tendon  ends  in  a  muscular  bundle, 
which  springs  from  the  right  eras  of  the  diaphragm,  and  is  composed  partly  of  striped  fibres. 
Crymble  -'  suggests  that  during  development  it  may  pull  the  duodeno-jejunal  flexure  round  the 
superior  mesenteric  artery  to  its  final  position.  Just  above  this  flexure  the  muscle  is  covered 
by  a  fold  of  peritoneum  named  the  plica  duodeno-jejunalis. 

Varieties. — The  position  of  the  duodenum  does  not  vary  greatly.  According  to  Fawcett 
and  Blatchford  [Jour.  Anal,  and  Phys.,  vol.  xxxviii.,  July  1904),  the  third  portion  generally 
crossffs  in  front  of  the  third  lumbar  vertebra,  and  not  infrequently  it  is  as  low  as  the  fourth  ; 
but  it  is  rare  for  it  to  come  into  relation  with  the  fifth  lumbar.  Thus  out  of  337  subjects,  in 
only  three  did  it  reach  this  level.  In  four  of  their  cases  the  duodenum  ended  on  the  right  side  of 
the  vertebral  column. 

Duodenal  diverticula  are  not  very  uncommon.  They  are  usually  single,  consist  of  all  the 
coats  of  the  intestine,  and  project  from  the  concave  side  of  the  duodenum,  and,  consequently, 
towards  the  pancreas.  Descriptions  of  a  number  of  specimens,  and  the  literature  of  the  subject, 
are  given  by  W.  M.  Baldwin  ('  Duodenal  Diverticula  in  Man,'  The  Anatomical  Record,  vol.  v., 
1911). 

The  duodenum  is  one  of  those  portions  of  the  alimentary  canal  which,  during  embryonic 
life,  is  liable  to  physiological  occlusion  by  proliferation  of  its  epithelial  lining.  This  may  persist 
as  an  atresia  or  become  the  seat  of  a  stenosis. 

Jejunum  and  ileum. — The  jejunum,  originally  so  called  from  its  having  been 
supposed  to  be  empty  after  death,  follows  the  duodenum,  and  includes  the  upper 
two-fifths  of  the  remainder  of  the  small  intestine,  whi'e  the  succeeding  three-fifths 
constitute  the  ileum — so  named  from  its  numerous  coils  and  convolutions.  Both 
the  jejunum  and  the  ileum  are  attached  to  the  posterior  abdominal  wall  by  an 
extensive  fold  of  peritoneum,  termed  the  mesentery.  This  mesentery,  although 
greatly  frilled  out  in  front  to  correspond  in  length  with  the  jejunum  and  ileum 
to  which  it  gives  support,  is  attached  posteriorly  by  a  comparatively  short  border 
(about  15  cm.),  which  extends  from  the  left  side  of  the  second  lumbar  vertebra 
obliquely  across  the  third  part  of  the  duodenum,  the  aorta,  the  inferior  vena  cava,  and 
the  right  psoas  muscle  to  the  right  iliac  fossa,  where  it  ends.  The  length  of  the 
mesentery,  measured  from  the  parietal  attachment  to  the  intestine,  varies— 
being  longer  about  the  middle  than  at  either  end  of  the  bowel.  The  average 
length,  according  to  Treves,3  may  be  taken  as  eight  to  nine  inches  (20  cm.  to 
22'5  cm.).     Lockwood  4  found  that,  up  to  the  age  of  forty  years,  it  rarely  exceeded 

i  '  Ueber  einen  neuen  Muskel  am  Duodenum  des  Menschen,'  Vierteljahrschrift  fur  die  praktischt 
Heilkunde,  Pray.,  1853,  lid.  xxxvii 

-  'The  Muscle  of  Treitz  and  the  Plica  Duodeno-jejunalw,'  Brit.  Med,.  Jour.,  October  16,  1910. 

3  The  Anatomy  of  the  Intestinal  Canal  and  Peritoneum  in  Man,  1885. 

4  '  Hunterian  Lectures  on  the  Morbid  Anatomy,  Pathology,  and  Treatment  of  Hernia,'  Brit.  Med. 
Journal,  June  15,  1889. 
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8  inches  (20  cm.);  but,  after  this  period  of  life,  longer  mesenteries  occurred 
with  greater  frequency.     Where  the  ileum  crosses  the  righl  psoas,  the  mesentery 

i-  usually  very  short,  and  sometimes  absent,  bo  that  this  pari  of  the  intestine 
i-  only  slightly  movable.  Between  the  two  layers  of  the  peritoneum,  funning 
the  mesentery,  are  placed  besides  some  fat — numerous  branches  of  the  superior 
mesenteric  artery  and  vein,  together  with  nerves,  lacteal  vessels,  and  lymphatic 

glands,  'l'lir  ((involutions  of  the  jejuno-ileum  occupy  parts  of  the  umbilical 
and  hypogastric  /.ones  of  the  abdomen,  and  a  variable  number  of  loops  lie  in 
the  pdvis.  Owing  to  the  size  and  position  of  the  liver,  the  greater  part  of  the 
jejuno-ileum  lies  to  the  left  of  the  median  plane.  A  considerable  number  of  the 
convolutions  arc  usually  in  direct  relation  with  the  anterior  abdominal  wall  ;  but 
i  hey  may  be  separated  from  it  by  the  lower  part  of  the  stomach,  part  of  the 
transverse  and  pelvic  colons,  the  great  omentum,  and  the  upper  part  of  a  distended 
bladder.  When  t  he  stomach  passes  downwards  in  front  of  some  of  the  convolutions, 
the  transverse  colon  intervenes.  The  liver,  spleen,  pancreas,  suprarenal  glands, 
upper  ends  of  the  kidneys,  and  the  stomach  usually  occupy  the  upper  part  of  the 
abdomen  to  the  exclusion  of  the  jejuno-ileum.  The  convolutions  of  the  small 
intestine  often  lie  in  front  of  the  lower  ends  of  the  two  kidneys,  the  ascending, 
descending,  and  iliac  colon,  and  sometimes  the  cacum ;  and  in  the  pelvis  may 
rest  against  any  parts  of  the  pelvic  viscera  which  have  a  peritoneal  covering. 

The  character  of  this  portion  of  the  small  intestine  gradually  changes  from 
n  -  upper  to  its  lower  end,  so  that  portions  of  the  jejunum  and  ileum,  remote  from 
cadi  other,  present  certain  well-marked  differences  of  structure,  which  will  be 
described  in  the  account  of  their  structure.  The  jejunum  is  larger  than  the  ileum, 
and  its  coats- are  thicker  and  more  vascular.  The  diameter  of  the  jejunum  when 
moderately  distended  is  about  4  cm.,  and  that  of  the  ileum  3  cm.  According 
to  ( 'haput  and  Lenoble,1  the  lower  end  of  the  ileum  will  not  pass  a  structure  having 
a  diameter  of  more  than  25  mm. 

•  Mi  account  of  the  length  of  their  mesentery  and  their  almost  complete  investment  by 
peritoneum,  the  coils  of  the  jejuno-ileum  are  freely  movable — not  merely  as  a  whole,  but  upon  one 
another.  It  i<  generally  admitted  that,  owing  to  the  fixation  of  the  two  ends  of  the  jejuno-ileum, 
and  to  the  line  of  attachment  posteriorly  of  their  mesentery  passing  from  above  and  on  the 
ide  downwards  and  to  the  right,  the  jejunum  will  tend  to  lie  above  and  to  the  left  of  the 
ileum.  The  convolutions  that  pass  into  the  pelvis  belong  mainly,  but  not  exclusively  to  the  ileum, 
a-  the  lower  attachment  and  the  length  of  its  portion  of  the  mesentery  readily  admit  of  such 
a  di  scent.  The  terminal  portion  of  the  ileum  goes  upwards  and  to  the  right,  and  crosses  the 
righl    psoas  muscle  to  join  the  large  intestine. 

Various  attempts  have  been  made  to  ascertain  whether  or  not  the  individual  coils  of  the 
jejuno-ileum  are  arranged  on  a  definite  plan.  Treves-  failed  to  find  satisfactory  evidence  of 
such  a  plan.  Benke  :i  came  to  the  conclusion  that  the  upper  part  of  the  jejuno-ileum  was  situated 
on  the  li -ft  idi  and  formed  horizontally  directed  folds,  while  the  lower  part  was  on  the  right 
Bide,  ami  it-,  convolutions  were  vertical.  Scrnoff  *  could  not  confirm  the  conclusions  of  Henke, 
bul  Weinberg,1  from  an  examination  of  ten  newly  born  children,  supported  them.  Weinberg 
found  the  first  two-fifths  of  the  jejuno-ileum  in  the  upper  and  left  side  of  the  abdomen  and  the 
oonvolutioi  generally  horizontal  in  direction.     The  next  fifth  was  situated  in  the  left  iliac 

fossa,  and  it-  convolutions  had  no  regular  direction.  It  terminated  by  crossing  the  left  psoas 
to  joih  the  remaining  two-fifths,  which  were  found  between  the  two  psoas  muscles  and 
in  the  righl  half  of  the  abdomen,  and  their  convolutions  were,  as  a  rule,  arranged  vertically. 
About  one -third  of  tin-  whole  length  of  the  jejuno-ileum  was  in  contact  with  the  anterior  abdominal 

bui  li  Calibre  normale  de  llafa   tin   grfile,'  Bulletins  de  la  Soc.  Anal,  de  Paris,  69  Annee,  1894. 
U  Canai  and  Peritoneum  in  Man,  L886. 
■Dei    I:    nil  der  Bauchhohle  des  Menschen  und  die  Vurteilung    der   Eingeweide    in   demselbcn,'    Arch. 

■  Zni  K'  iui'i  i-  .]■  t   Lage  and  Form  des  mesenterialen  Teiles  des  Diinndarmes,'  Internal.  Monatsch.  f. 
und  Phys.,  Bd.  si..  Heft  10. 

rieo  und  der  Windungen  des  Jejunoileum,'    Internat.    Monatsch.    f.    Anal, 
und  Phys.,  Bd.  xiii.,  Heft  2. 
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wall.  The  most  important  and  extensive  researches  on  this  subject  are  those  of  Mall.1  .He  traced 
the  development  of  the  loops  of  the  small  intestine  during  fetal  life,  and  examined  a  considerable 
number  of  adults.  In  the  fifth  or  sixth  week  of  embryonic  life,  the  small  intestine  exhibits  six 
slight  curves,  which  he  numbers  1  to  G.  These  primary  curves  or  loops  gradually  increase  in 
size,  and,  except  the  first,  which  forms  the  duodenum,  become  complex  by  the  formation  of 
secondary  loops,  but  can  be  recognised  throughout  life.  No.  2  passes  to  the  left,  and  its 
convolutions  occupy  the  left  side  of  the  abdomen  below  the  left  half  of  the  transverse  colon. 
No.  3  also  forms  a  loop  towards  the  left,  and  it  lies  with  its  secondary  folds  on  the  left  side 
below  those  of  no.  2.  The  lower  limb  of  loop  3  passes  across  the  median  plane,  and  no.  4 
forms  a  curve  directed  towards  the  right,  and  has  its  convolutions  lying  below  the  right  of  the 
transverse  colon.  No.  5  constitutes  a  series  of  convolutions  which  occupy  the  left  side  of 
the  body  and  reach  down  into  the  pelvis,  while  the  last  portion,  no.  6,  extends  upwards 
and  to  the   right. 

Varieties. — Meckel's  diverticulum. — In  about  one  in  fifty  subjects,  a  tubular  or  conical 
diverticulum  is  given  off  from  the  main  tube  of  the  ileum.  Its  average  position  above  the 
ileo-colic  opening  is  about  107-5  cm.,  but  it  has  been  found  to  vary  from  27'5  cm.  to  300  cm. 
It  usually  comes  off  from  the  ileum  on  the  side  opposite  to  the  attachment  of  the  mesentery. 
As  a  rule,  it  is  from  5  cm.  to  7'5  cm.  in  length,  and  about  the  same  calibre  as  the  bowel,  from 
which  it  arises.  This  diverticulum  is  due  to  the  persistence  of  a  part  of  the  vitelline  duct  of 
early  fetal  life.  It  is  very  rarely  attached  to  the  umbilicus.  Mitchell  found  it  in  39  out  of  1(335 
necropsies.  (For  further  particulars,  consult  A.  Thomson,  '  Diverticulum  ilei,'  Jour.  Anat.  and 
Phys.,  vol.  xxvi.,  1892;  and  Mitchell,  'Notes  on  a  Series  of  Thirty-nine  Cases  of  Meckel's 
Diverticulum,'  Jour.  Anat.  and  Phys.,  vol.  xxxii.,  1898.)  It  is  not  to  be  confounded  with 
hernial  protrusions  of  the  mucous  membrane,  which  may  occur  at  any  point. 

Variations  with  age  and  sex. — -Treves  found  the  average  length  of  the  small  intestine 
in  the  new-born  child  to  be  282'5  cm.,  and  he  estimates  that  it  grows  about  60  cm.  during 
the  first  month  of  extra-uterine  life  and  a  similar  amount  in  the  second  month ;  but  after  this 
period  its  rate  of  growth  is  very  variable.  Treves  gives  the  average  length  of  the  small  intestine 
in  the  adult  female  as  25  cm.  longer  than  that  of  the  male  ;  but  Rolssen,  from  measurements 
on  German  subjects,  found  it  about  60  cm.  longer  in  the  male. 

APPEARANCE  AND  NAKED-EYE  STRUCTURE  OF  THE  SMALL  INTESTINE. 

The  small  intestine,  like  the  stomach,  is  composed  of  four  coats  :  namely — the 
serous  or  peritoneal,  muscular,  submucous,  and  mucous. 

The  external  or  serous  coat  {tunica  serosa)  almost  entirely  surrounds  the 
intestinal  tube  in  the  whole  extent  of  the  jejunum  and  ileum,  leaving  only  a  narrow 
interval  behind,  where  it  passes  off  and  becomes  continuous  with  the  two  layers  of 
the  mesentery.  The  line  at  which  this  takes  place  is  named  the  attached  or  mesenteric 
border  of  the  intestine.  The  serous  coat  is  very  thin  and  translucent,  and  the 
subserous  areolar  tissue  small  in  amount,  so  that  the  muscular  fibres  are  visible 
from  the  outer  aspect.  There  are  no  appendices  epiploicse  (see  fig.  125,  c).  The 
duodenum  is  but  partially  covered  by  the  peritoneum,  and  has  no  mesentery. 

The  muscular  coat  {tunica  muscularis)  consists  of  two  layers  of  fibres  :  an 
outer  longitudinal,  and  an  inner  or  circular  set.  The  longitudinal  fibres  constitute 
an  entire  but  comparatively  thin  layer,  and  are  most  obvious  along  the  free  border 
of  the  intestine.  The  circular  layer  is  thicker  and  more  distinct.  Ochsner  - 
describes  a  marked  thickening  of  these  fibres  in  the  duodenum,  from  3  cm.  to 
10  cm.  below  the  opening  of  the  common  bile-duct. 

The  muscular  tunic  becomes  gradually  thinner  towards  the  lower  part  of  the 
small  intestine.  It  is  pale  in  colour,  and  is  composed  of  plain  muscular  tissue,  the 
cells  of  which  are  of  considerable  length.  The  progressive  contraction  of  these 
fibres,  commencing  in  any  part  of  the  intestine,  and  advancing  in  a  downward 
direction,  produces  the  peculiar  vermicular  or  peristaltic  movement  by  which  the 

i  '  Ueber  die  Entwickelung  des  menschlichen  Dunnes  und  seiner  Lage  beim  Erwachsenen,'  Arch.  f. 
Anal..  Erganzurtgsband,  1897. 

-'  '  Further  Observations  on  the  Anatomy  of  the  Duodenum,'  American  Journal  of  Medical  Science, 
vol.  exxxii.,   1896. 
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contents  are  forced  onwards  through  the  canal.  En  the  narrowing  of  the  tube,  the 
circular  fibres  are  mainly  concerned-  the  longitudinal  fibres,  shortening  the  tube, 
tend  to  produce  dilatation  (Exnei).  and  those  found  along  the  free  border  of  the 
tine  may  have  the  eflecl  of  straightening  or  unfolding  its  successive  convo- 
lutions. There  is  a  gangliated  plexus  of  nerve-fibres  {plexus  myentericus)  and  a 
network  of  lymphatic  vessels  between  the  two  muscular  layers. 
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Tlie  submucous  coat  {tela  submucosa)  of  the  small  intestine  is  a  layer  of  areolar 

ie  "I  a   l<  -.tnic.  whirl]  is  connected  more  firmly  -with  the  mucous  than 

with   the  muscular  coat.      Within   it    the   Mood-vessels  ramify  before  passing  to 

the  muc<  mbrane,  and  there  is  a  gangliated  plexus  (plexus  sub-mucusus)  of 

and  a  network  of  large  lymphatic  vessels. 

The  internal  coat,  or  mucous  membrane  ('" ""  "  mucosa),  is  characterised  by 

inely  fiocculenl  or  shaggy  appearance  of  its  inner  surface,  resembling  the  pile 

velvet.    This  appearance  is  due  to  the  surface  being  thickly  covered  with 

•     named  villi.     It  is  one  of  the  most  vascular  membranes  in  the 
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body,  and  is  naturally  of  a  reddish  colour  in  the  upper  part  of  the  small  intestine, 
but  is  paler,  and  at  the  same  time  thinner,  towards  the  lower  end.  It  is  lined  with 
columnar  epithelium  throughout  its  whole  extent,  and  next  to  the  submucous 
coat  is  bounded  by  a  layer  of  plain  muscular  tissue  (muscularis  mucosa)  ;  between 
this  and  the  epithelium,  the  substance 
of  the  membrane — apart  from  the 
tubular  glands  (which  will  be  afterwards 
described) — consists  mainly  of  lymphoid 
tissue,  which  supports  the  blood-vessels, 
nerves,  and  lymphatics  (lacteals),  and 
encloses  in  its  meshes  numerous  lymph- 
corpuscles. 

Plicae  circulares  {valvules  conni- 
ventes). — The  mucous  membrane,  in  addi- 
tion to  small  effaceable  folds  or  rugse, 
possesses    also    permanent    folds,  which 

cannot  be  obliterated — even  when  the  tube  is  forcibly  distended.  These  permanent 
folds  are  the  valvules  oonniventes,  or  valves  of  Kerhring.  They  are  crescentic  pro- 
jections of  the  mucous  membrane,  placed  transversely  to  the  axis  of  the  bowel,  and 
following  one  another  closely.     The  majority  of  the  folds  do  not  extend  more  than 

Cephalic  end 


Fig.  105. — Portion  of  small  intestine  dis- 
tended WITH  ALCOHOL,  AND  LAID  OPEN  TO 
SHOW  THE  PLIC.I    CIRCULARES.       (Brintoil.) 
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Fig.  106. — The  second  part  of  the  duodenl/m  opened.     Natural  size.     (\V.  M.  Baldwin.) 

It  shows  the  typical  distribution  of  the   '  primary  '  and  '  secondary  '  folds  of  the  duodenal  mucosa  in 
the  region  of  the  two  papillae. 

M.P.,   minor  papilla  ;    P.    depression    containing    the    major    papilla    with    the    orifice  of  the  bile  and 
pancreatic  ducts  ;   C,  plica  longitudinalia  duodeni ;   A,  B,  D,  primary  folds  ;   S.  S,  S,  secondary  folds. 

about  one-half  or  two-thirds  round  the  interior  of  the  tube  ;  but  it  has  been  shown  by 
Brooks  l  and  Kazzander  -  that  some  form  complete  circles,  and  others  spirals.  The 
spiral  forms  may  occur  singly  or  in  groups  of  two  or  three.  They  generally  extend 
a  little  more  than  once  round  the  bowel,  but  in  rare  cases  may  go  round  two  or 
three  times.     At  their  highest  point,  they  project  inwards  for  about  a  third  of  an 


i   '  On  the  Valvuke  C'onniventes  in  Man,  Brit.  Med.  Journ.,  Feb.  1890. 

-  «  Ueber  die  Falten  der  Dunndarnisehleiinhaiit  dea  Menchen,'  Anal.  Anz..  lid.  vii.,  lS'J'J. 
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inch.  Some  of  the  plicae  circulates  are  bifurcated  at  one  or  both  ends,  and 
others  terminate  abruptly.  Each  consists  of  a  fold  of  mucous  membrane — that 
is,  of  two  layers  placed  back  to  back,  and  united  together  by  submucous  areolar 
tissue.  They  contain  no  pan  of  I  be  i  Lrcular  or  longitudinal  muscular  coats.  Being 
extensions  of  the  mucous  membrane,  they  serve  to  increase  the  absorbent  surface 
to  which  the  food  i>  exposed. 

The  plicae  circulares  are  not  uniformly  distributed  over  the  various  parts  of 
the  small  intestine.  There  are  none  (mite  at  the  commencement  of  the  duodenum  ; 
a  short  distance  bom  the  pylorus  they  begin  to  appear  ;  beyond  the  point  at  which 
the  bile  and  pancreatic  juice  are  poured  into  the  duodenum,  they  are  very  large. 
regularly  crescentic  in  form,  and  placed  so  near  to  each  other  that  the  intervals 
between  them  are  not  greater  than  the  breadth  of  one  of  the  valves  :  they  continue 
thus  through  the  rest  of  the  duodenum  and  along  the  upper  half  of  the  jejunum  ; 
below  that  point  they  begin  to  get  smaller  and  farther  apart,  and,  finally,  towards 
the  middle  or  lower  end  of  the  ileum,  having  gradually  become  more  irregular 
and  indistinct — sometimes  even  acquiring  a  very  oblique  direction — they  altogether 
disappear. 

Plica  long-itudinalis  duodeni  and  papillae  duodeni- — On  the  median 
wall  of  the  second  part  of  the  duodenum  is  a  longitudinal  fold  of  mucous  membrane, 
upon  the  upper  end  of  which  is  the  papilla  major  with  a  central  depression  forming 
the  orifice  of  the  bile  and  main  pancreatic  ducts;  while  below,  at  about  the  union 
of  the  second  and  third  parts  of  the  duodenum,  the  fold  joins  a  plica  circularis. 
Proximal  and  ventral  to  the  papilla  major  is  the  papilla  minor  on  which  opens 
the  accessory  duct  of  the  pancreas  (see  figs.  101  and  106). 

The  villi  intestinales,  peculiar  to  the  small  intestine,  and  giving  to  its 
internal  surface  the  velvety  appearance  already  spoken  of.  are  small  processes 
of  the  mucous  membrane,  which  are  closely  set  on  every  part  of  the  inner  surface 
over  the  plie;o  circulares,  as  well  as  between  them. 

Their  length  varies  from  0-5  mm.  to  0-7  mm.,  or  sometimes  more.  Thev  are 
largest  and  most  numerous  in  the  duodenum  and  jejunum,  and  become  gradually 
smaller  and  fewer  in  number  in  the  ileum.  According  to  Rauber.  they  are  short 
and  leaf-shaped  in  the  duodenum,  and  as  the  gut  is  followed  downwards  they 
become  gradually  longer  and  thinner,  so  that  they  are  tongue-shaped  in  the  jejunum, 
and  filiform  in  the  ileum.  Occasionally,  two  or  three  are  connected  together  at 
*  heir  base.  In  the  upper  part  of  the  small  intestine  there  are  from  ten  to  eighteen 
villi  in  a  square  millimetre,  and  in  the  ileum  from  six  to  fourteen  in  the  same 
Bpace.     This  would  give  a  total  of  about  four  millions  (Krause). 

Glands.  -Two  kinds  of  small  secreting  glands  open  on  the  inner  surface  of  the 
intestine  :  namely,  the  crypts  of  Lieberkiihn  and  Brunner's  glands — the  last  being 
peculiar  to  the  duodenum.  In  addition  to  these,  numerous  lymphoid  nodules  are 
found,  which  are  either  scattered  and  isolated  (solitary  glands)  or  collected  into 
patches  (Peyer's  glands). 

Glandulae  intestinales  (erupts  of  Lieberkiihn).  the  smallest  but  most 
numerous  of  these  glandular  structures,  are  found  in  every  part  of  the  small  intestine, 
opening  on  the  surface  between  the  villi. 

Glandulac  duodenales  (  Brumner's  glands)  are  small  compound  acino-tubular 

glands,  which  exisl  in  the  duodenum  (where  they  are  most  numerous  at  the  upper 

end) :  thev  occupy  a  space  extending  from  2"5  cm.  to  ">  cm.  beyond  the  pylorus  into 

the  beginning  ol  the  jejunum.     A  few  of  them  are  also  said  to  be  found  quite  at 

mmencemenl   of  the  jejunum.     They  are  embedded  in  the  submucous  coat, 

be  exposed  by  diss,,  ting  off  the  muscular  coat  from  the  outside  of  the 

le.     They  may  extend  partly  into  the  mucous  membrane  between  the  crypts 
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of  Lieberkiihn.  In  structure,  they  somewhat  resemble  the  small  glands  which  are 
found  in  various  parts  of  the  lining  membrane  of  the  mouth  and  elsewhere,  each 
consisting  of  a  number  of  tubular  alveoli,  connected  by  the  terminal  ramifications 
of  the  duct,  which  latter  penetrate  the  muscularis  mucosa1,  and  open  upon  the 
inner  surface  of  the  intestine.  The  ducts  open  either  between  the  crypts  of 
Lieberkiihn  or,  in  some  cases,  into  the  bases  of  the  crypts  (Schaffer).  In  sections 
through  the  pylorus,  the  glands  of  Brunner  appear  like  direct  continuations  of  the 
pyloric  glands  of  the  stomach  (Watney),  which  they 
closely  resemble  in  structure,  but  they  are  some- 
what more  complicated  and  more  deeply  seated. 

The  noduli  lymphatici  solitarii  {solitary 
glands)  are  soft,  white,  rounded,  and  slightly  promi- 
nent bodies  06  mm.  to  3  mm.  in  diameter,  which 
are  found  scattered  over  the  mucous  membrane  in 
every  part  of  the  small  intestine.  They  are  found 
as  well  at  the  mesenteric  as  at  the  free  border, 
both  between  and  upon  the  plica?  circulares, 
and  are  rather  more  numerous  in  the  lower 
portion  of  the  bowel. 

The  noduli  lymphatici  agrgregati  {agmi- 
nated  glands  or  glands  of  Peyer,  who  described 
them  in  1677)  are  groups  or  patches  of  lymphoid 
nodules.  The  groups  have  an  oblong  figure 
(fig.  107),  and  vary  from  half  an  inch  to  two  or 
even  four  inches  in  length,  and  from  half  an  inch 
to  about  an  inch  in  width  (12  mm.  to  120  mm. 
long  and  12  mm.  to  25  mm.  broad).  They  are 
placed  lengthways  in  the  intestine,  at  that  part 
of  the  tube  most  distant  from  the  mesentery, 
and  hence,  to  obtain  the  best  view  of  them,  the 
bowel  should  be  opened  by  an  incision  along  its 
attached  border. 

The  lymphoid  nodules,  which  by  their  aggregation  make  up  a  Peyer 's  patch,  are 
in  almost  all  respects  similar  to  the  solitary  glands  above  described.  As  a  rule, 
their  surface  is  free  from  villi,  and  the  crypts  of  Lieberkiihn  are  collected  in  circles 
around  them.  Fine  blood-vessels  are  distributed  abundantly  on  the  exterior  of 
the  follicles,  and  give  off  still  finer  capillary  branches,  which,  supported  by  the 
retiform  tissue,  are  disposed  principally  in  lines  converging  to  the  centre. 

Blood-vessels,  lymphatics,  and  nerves. — The  arterial  supply  of  the 
small  intestine  is  derived  entirely  from  the  superior  mesenteric,  with  the  exception 
of  the  duodenal  branches  of  the  superior  pancreatico-duodenal  artery  which  go  to 
the  upper  part  of  the  duodenum,  the  lower  part  being  supplied  by  the  inferior 
pancreatico-duodenal  of  the  superior  mesenteric.  As  the  blood  in  the  superior 
pancreatico-duodenal  comes  through  the  gastro-duodenal  and  hepatic  arteries 
from  the  cceliac  artery,  there  is  an  area  on  the  duodenum  representing  the 
boundary  between  the  intestinal  distribution  of  the  cceliac  and  superior 
mesenteric  arteries.  The  upper  and  by  far  the  greater  part  of  the  jejuno- 
ileum  is  supplied  by  the  jejunal  and  ileal  branches  (rami  intestini  tenuis)  of  the 
superior  mesenteric  ;  below  these  brandies,  the  arterial  supply  isroinpleted  by  the 
termination  of  the  superior  mesenteric,  and  twigs  from  the  ileo-colic.  The 
branches  to  the  jejuno-ileum  form  a  number  of  anastomosing  arcades,  and  the 
terminal   branches,   when   they   reach    the   mesenteric    border    of    the    intestine. 


Fig.  107. — A  small  patch  of  peyeb's 

GLANDS,    OR     NODULI     LYMPHATICI 
AGGEEGATI.     FEOM       THE       ILEUM. 

Slightly  magnified.     (Boehm.) 
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divide  into  two  vessels,  which  encircle  the  bowel.  The  veins,  which  in  the 
adult  are  almosl  destitute  of  valves,i  correspond  generally  to  the  arteries, 
I'ut  they  terminate  in  the  portal  vein. 

The  lymphatic  vessels,  or  lacteals,  of  the  .small  intestine  arise  in  the  villi,  and 
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One-third  natural  size.    (J.  Symington.) 

form  a  mucous,  a  submucous,  a  muscular,  and  a  subserous  plexus.    The  vessels 

which  pass  from  the  jejunum  and  ileum  ascend  between  the  two  layers  of  the 

tery,  and  enter  the  mesenteric  glands,  which  are  situated  in  the  mesentery, 

along  the  course  of  the  blood-vessels,  and  in  its  root.     The  vasa  efferentia 
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from  these  glands  form  the  truncus  intestinalis,  which  ends  in  the  cisterna  chyli. 
The  lymphatics  of  the  upper  part  of  the  duodenum  join  the  superior  pancreatic 
glands,  and  those  of  its  lower  part  terminate  in  the  pancreatico -duodenal 
glands. 

The  nerves  of  the  small  intestine  arise  from  the  lower  thoracic  spinal  nerves, 
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Fig.  109. — The  abdomino-pelvic  viscera  of  a  man  aged  fifty-one  years,  viewed  from   behind. 

One-third   natural  size.     (J.  Symington.) 

and  pass  through  the  great  splanchnics  to  the  cceliac  plexus,  where  their  fibres 
form  synapses  with  the  cells  of  the  cceliac  ganglia.  From  the  cceliac  plexus,  mm- 
medullated  fibres  pass  as  the  superior  mesenteric  plexus,  with  the  artery  (if  the 
same  name,  to  the  bowel.  This  plexus  contains  vaso-motor  and  vaso-dilator 
fibres  for  the  blood-vessels  ;  motor  and  inhibitory  fibres  to  the  muscular  coat,  and 
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sensory  and  Becretory  fibres  to  the  mucous  membrane.  The  vagi  probably 
contribute  to  the  fibres  in  the  superior  mesenteric  plexus.  In  the  wall  of  the 
intestine  are  two  gangliated  plexuses:  aamely — between  the  two  layers  of  the 
muscular  coat  and  in  the  submucous  coat. 


IXTESTIXUM  ( IRASSUM. 

The  large  intestine  (intestinum  crasmm)  extends  from  the  termination  of  the 
ileum  to  the  amis.      It  is  divided  into  the  ccecum  (with  the  vermiform  appendix), 
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'  '''■•    M"  SECTION  el     nil     PELVIS  01     k.  iimmi     UJED  TWENTY-FOUB  YEABS,  MADE  ABOUT  12  MM. 

TO  the  bight  oi  THE  mediam  plane.     One-half  natural  size.     (J.  Symington.) 
le  jejuno-ileum  was  removed  with    the  exception  oi  the    terminal  portion  oi  thi    ileum,  which  was 
' '''' ''  ""'  turned  upwards.     The  csei  um  and  vermiform  appendix  arc  exposed  Erom  the  median  aspei '. 

the  colon,  and  the  rectum;    and  the  colon  is  again  subdivided,  according  to  its 
Lirection  or  position,  into  five  parts,  called  the  ascending,  transverse,  descending, 
iliac,  and  pelvic  colon. 

The  length  of  the  large  intestine  is  usually  about  1*5  metres  to  2  metres;  being 

e-fifth  of  the  whole  length  of  the  intestinal  (anal.     Its  diameter,  which  for 

I  pari  exceeds  thai  of  the  small  intestine,  varies  at  different  points 

Qder different  conditions  from  '_'  cm.  to  6  cm.   As  a  rule,  it  diminishes  gradually 
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from  its  commencement  at  the  caecum  to  the  lower  end  of  the  pelvic  colon  ;  while 
the  rectum  tends  to  increase  in  size  from  above  downwards,  and  may  present  at 
its  lower  end  a  well-marked  ampulla. 


POSITION    AND    RELATIONS   OF    THE    DIFFERENT    PARTS    OF    THE    LARGE    INTESTINE. 

The  C.-ecum. — The  intestinum  caecum,  or  caput  coli,  is  that  part  of  the  large 
intestine  which  is  situated  below  the  ileo-colic  orifice. 

In  many  cases  it  is  difficult,  by  external  examination,  to  determine  the  precise  position  of 
the  ileo-colic  orifice  and,  consequently,  of  the  upper  limit  of  the  caecum  ;  for  the  ileum  does  not 
pass  transversely  into  the  large  intestine,  but  runs  obliquely  upwards,  and  the  adjacent  walls 
of  the  ileum  and  caecum  are  closely  united  for  some  distance  below  the  orifice  (see  fig.  111). 
At  the  junction  of  the  median  walls  of  the  ileum  and  ascending  colon,  where  the  mesentery  is 
attached,  an  invagination  of  both  walls  occurs  to  form  the  upper  valve  of  the  orifice  (see  fig.  127), 
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Fig.  111. — Horizontal  section*  <>f  the  abdomen  of  a  man  aged  eifty"  years. 

In  the  right  iliac  fossa  the  end  of  the  ileum,  the  ileo-colic  orifice  aud  valvula  coli, 
vermiform  appendix  are  exposed. 


(P.  T.  Crymble.) 
the  caecum  ami   the 


but  it  is  frequently  necessary  to  remove  the  peritoneum  and  some  fat  and  blood-vessels  before 
the  furrow  is  seen.  By  the  reflexion  of  the  anterior  wall  of  the  caecum  and  adjacent  portion 
of  the  ascending  colon,  the  orifice  is  exposed  and  the  limits  of  the  caecum  displayed. 

The  caecum  is  normally  situated  in  the  right  iliac  fossa,  above  the  outer  half  of 
the  inguinal  ligament.  Behind,  and  laterally  (see  fig.  Ill),  is  the  iliacus  muscle, 
covered  by  the  parietal  peritoneum.  Between  this  peritoneum  and  the  muscle, 
there  are  extra -peritoneal  fat,  the  fascia  covering  the  muscle,  the  lateral  cutaneous 
and,  sometimes,  the  genito-femoral  nerve.  Not  infrequently  the  vermiform 
appendix  lies  in  the  retro-caecal  peritoneal  pouch.  The  anterior  surface  of  the 
caecum  is  normally  in  contact  with  the  parietal  peritoneum  lining  the  anterior 
abdominal  wall.  The  median  or  left  side  of  the  caecum  is  related  to  the  terminal 
part  of  the  ileum  and  some  convolutions  of  the  small  intestine  The  peritoneum 
covers  it  in  front,  below,  and  at  the  sides  ;  behind,  the  peritoneum  is  usually  reflected 
from  the  bowel,  about  the  level  of  the  ileo-colic  opening,  so  that  the  whole  of  the 
posterior  surface  is  covered.  Occasionally,  this  reflection  occurs  a  little  below 
the  level  of  the  valve,  but  more  frequently  the  retro-caecal  pouch  extends 
upwards  for  some  distance  on  the  back  of  the  ascending  colon.  There  is  no 
meso-caecum. 
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En  order  t"  appreciate  th<  significance  oi  the  variations  in  the  position  and  form  ol  the  caecum, 

it  N  !!•  •  as  ir j  t.»  study  the  changes  it  undergoes,  from  early  fetal  until  adult  life,  or  even  old  age. 
The  i  .>■  urn  appears  about  the  end  of  the  first  month  as  an  outgrowth  from  tin-  ram  la  I  limb  of 
i  u  shaped  loop  uf  the  intestine.  This  loop  protrudes  into  the  umbilical  cord,  but  is  gradually 
drawn  into  the  abdomen  before  the  umbilicus  closes.     The  proximal  portion  of  the  loop  »ro»s 

mot-.-  rapidlj  than  its  distal,  and  the  convoluted  small  Intestine  thus  formed  c es  to  lie  in  froni 

of  the  caecum.  \  rotation  oi  the  intestinal  loop  is  produced  by  the  unequal  growth  of  its  two 
limbs,  by  which  the  caecum  is  carried  upwards  and  forwards  towards  the  liver  and  in  front  of 
the  small  intestine.  As  this  rotation  continues,  the  caecum  passes  downwards  and  to  the  right, 
below  the,  liver, and  in  froni  of  the  duodenum  and  tin-  lower  put  of  the  ri<_dit  kidney;  while  the 
terminal  porl  ion  of  the  ileum  i-  moved  downwards  and  to  the  righl .  so  that  the  caecum  gradually 

comes  into  contacl  with  the  righl   posterior  abd inal  wall.    The  caecum  then  descends  into 

the  iliac  fossa  in  front  of  the  ilio-psoas,  and  may  even  turn  inwards  across  this  muscle  into  the 
true  pelvis.     This  pelvic  site  is  acquired  most  frequently  in  old  age,  bul  it  may  occur  even  in 

cbildh I.   1  have  a  specimen,  in  a  hoy  three  years  old,  where  the  caecum  crossed  over  the  bladder 

to  the  left  of  the  median  line,  and  the  ileo-colic  orifice  was  i -ut  across  iii  making  a  median  section 
of  the  trunk.  Tip-  caecum  may  be  arrested  in  any  pari  of  its  course,  and  it  may  be  included 
along  «  it  li  i  he  jejunum  and  ileum  in  the  mesentery. 

At  first  the  diverticulum  from  the  intestine  shows  no  differentiation  into  the  caecum  and 
the  vermiform  appendix,  and,  according  to  Broedel.1  this  differentiation  occurs  in  two  distinct 
'  primary  beginning  at  about  the  eighth  week  of  embryonic  life,  and  a  secondary  making 
it-  appearance  at  birth  (p.  71).  During  fetal  life,  the  distal  port  ion  grows  slowly  and  uniformly  , 
while  the  proximal  pari  expand-  into  a  cone,  to  the  apex  of  which  the  appendix  is  attached. 
At  birth,  the  longitudinal  fibres  appear  to  be  spread  over  the  entire  circumference  of  the  caecum  ; 

but   these  fibres  8 begin  to  be  arranged  in  three  longitudinal  hands,  and  the  intervening 

port  ions  tend  to  become  sacculated. 

The  caecum  may  be  prolonged  downwards  in  the  adult  as  a  conical  process,  with  its  axis 
approximately  parallel  to  that  of  the  ascending  colon.  This  condition,  however,  is  very 
Toldl  :  has  shown  that  even  in  early  fetal  life,  the  junction  of  the  ileum  with  the  large 
intestine  is  marked  by  a  kink,  so  that  the  caecum  is  hent  at  a  right  or  even  an  acute  angle  to 
the  ascending  colon.  The  caecum  also  tends  to  become  curved,  with  the  convexity  pointing 
downward-  and  to  the  right,  so  that  the  a|  ex  of  the  cavum  come-  to  lie  behind  and  to  the  left 
of  the  basal  portion.  Alter  hirth,  the  longitudinal  bands  and  the  sacculations  tend  to  become 
act.  The  hands  unite  at  the  mot  of  the  appendix,  and  from  their  position  on  the  caecum 
are  named  anterior,  po-teio  lateral,  and  postern. median.  The  areas  between  these  hand-  are 
antero-lateral,  antero-median,  and  posterior;  of  these,  the  antero-lateral  is  usually  the  largest, 

distinctly  sacculated,  and  tonus  the  lowest  part,  or  apparent  apex,  of  the  caecum.     The 

and  the  dependent  positi I  the  antero-lateral  area  are  due  to  the  direction  of  the 

caecum,  and  to  thi-  area  being  less  supported  than  the  other  two,  so  that  it  yields  more  readily 
to  internal  pressure.  Occasionally,  the  antero-intemal  area  is  as  large  as  the  antero-external, 
and  if  they  are  both  di-teiided,  the  Caecum  may  present  a  bilobed  appearance      more  rarely,  the 

-internal  maj  be  the  largei  and  the  anterior  band  lies  near  the  lateral  aspect.  Parsons3 
has  draw  n  at  tent  ion  to  the  fact  that,  while  the  greater  part  of  the  caecum  may  acquire  a  tubular 
form,  that  near  the  apex  remains  conical.  Such  specimens  are  due  to  partial  distension  of  the 
caecum,  the  conical  portion  remaining  contracted,  as  is  shown  by  its  thicker  walls  and  folded 

mi i-  membrane,  while  the  proximal  part  has  thin  smooth  walls.     This  division  of  the  caecum 

into  two  parts  appears  to  correspond  to  the  two-lobed  form  of  Delmar.4  In  what  is  usually 
nuiioii  type,  the  whole  caecum  forms  a  single  dilated  sac.  with  the  appendix 
attached  to  its  inner  and  posterior  aspect  a  little  below  the  ileo-colic  orifice.  Treves  ■•  described 
thi-  type  as  occuring  in  90  out  of  Kin  cases;  while  Parsons  met  with  it  in  only  10  out  of  70 
specimens.     As  is  the  case  with  other  hollow  muscular  organs,  the  size  and  appearance  of  the 

■u  are  largely  dependent  ii  i the  -late  ol  it-  muscular  coat,  whether  contracted  or  relaxed. 

The  frequency  with  which  the  saccular  distended  form  is  estimated  to  occur  may  he  due  in  some 

BBCum  having  been  examined  after  being  blown  up  with  air  and  then  dried.      In 

formal  hardened  subjects,  in  which  the  caecum  is  examined  m  situ,  the  conical  contracted  type 

is  not  bo  infrequent  as  various  observers  allege.      \  fairly  distended  caecum  is  about  6  cm. 

md  7  em.  broad  ;  a  pretty  well  contracted  one  measures  about  3*5  cm.  in  Length  and 
!'••">  cm.  in  breadth  :   distension,  therefore,  tend-  t Tease  its  breadth  more  than  its  length. 

'   Kelly,  Tht   Vermiform  Append u  ami  i/.s  />i'.« ■/».«»-.«,  l'.io.v 

bildung    dea    meoscblichen    Blinddarmes    and    die    Valvulu   coli,'    Sitzu.ngsberic.hte   d.    k. 
R  ':'■■  i  a,  Bd.  'in.,  ism. 

'in'1  -M.'  .I,,,ir.  Anat.  and  Phys.,  vol.  xln. 

Bibliographii  anaiomique,  Supplement,  1906. 
■  ■'  ■■  inal  and  Peritoneum  in  Man,  1885. 
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The  processus  vermiformis  {vermiform  appendix)  is  a  narrow  tubular 
diverticulum  of  the  intestine,  which  is  attached  to  the  true  apex  of  the  caecum 
and  terminates  in  a  free  blunt  extremity.  Its  origin  is  usually  from  the  posterior 
and  median  aspect  of  the  caecum,  a  little  below  the  ileo-colic  orifice  :  this  position 
being  acquired,  as  already  explained,  by  the  unequal  growth  or  distension  of  the 
walls  of  the  primitive  conical  csecum. 

The  width  of  the  appendix  is  about  6  mm.,  and  its  average  length  9"2  cm.  (Berry)  ; 
but,  while  its  diameter  is  fairly  constant,  its  length  is  very  variable.  Berry  l  found 
it  31  cm.  in  two  out  of  100  cases.  Fawcett  3  has  reported  its  absence  in  two  cases, 
and  Piquard  3  in  one.  Numerous  cases  of  long  appendices  have  been  recorded  : 
according  to  Broedel,1  the  longest,  33  cm.,  by  F.  Grauer. 

The  position  of  the  appendix  is  very  variable,  but  most  frequently  it  is  bent 
or  coiled  up  behind  the  upper  part  of  the  caecum.  It  may,  however,  be  comparatively 
straight,  and  point  in  almost  any  direction  ;  the  relative  frequency  of  its  direction 
being,  according  to  Broedel,5  as  follows  :  (1)  Into  pelvis,  (2)  along  iliac  vessels,  (3) 
to  promontory  of  sacrum,  (4)  behind  csecum,  (5)  under  ileum,  (6)  lateral  to  caecum, 
(7)  into  iliac  fossa, (8)  amongst  coils  of  small  intestine, (9)  median  to  caecum  over  ileum. 
It  usually  has  a  peritoneal  fold — the  meso-appendix — containing  its  vessels  and 
nerves,  which  is  attached  to  about  half  the  length  of  the  appendix,  its  distal  portion 
being  quite  free  and  entirely  surrounded  by  peritoneum.  The  proximal  part  of 
the  appendix  is  more  or  less  curved  owing  to  the  shortness  of  its  mesentery.  When 
the  appendix  passes  upwards  behind  the  caecum  and  ascending  colon,  it  is  usually 
devoid  of  a  mesentery,  so  that  it  is  fixed  in  position.  It  may  occupy  the  anterior 
wall  of  a  long  retro-colic  pouch,  be  covered  in  front  by  peritoneum,  and  attached 
to  connective  tissue  posteriorly,  or  it  may  be  entirely  destitute  of  any  peritoneal 
covering.  The  ascending  type  of  appendix  is  considered  to  be  due  to  an  early 
attachment  of  the  ascending  colon  to  the  posterior  abdominal  wall. 

In  the  majority  of  cases,  the  vermiform  appendix  possesses  a  small  lumen  throughout  its 
entire  extent,  but  the  cavity  exhibits  a  distinct  tendency  to  undergo  obliteration — independent 
of  any  inflammatory  condition.  This  process  advances  from  the  tip,  is  an  involution  of  the 
organ,  and  demonstrates  its  retrogressive  character.  Out  of  400  cases  examined  by  Ribbert,1' 
99,  or  nearly  25  pier  cent.,  had  the  lumen  of  the  appendix  more  or  less  obliterated.  In  50 
per  cent,  of  the  obliterated  cases  its  distal  fourth  only,  and  in  3  per  cent,  the  whole  process 
was  closed,  while  the  remainder  showed  intermediate  stages.  This  tendency  to  obliteration 
increased  with  age. 

The  great  majority  of  mammals  possess  a  csecum,  but  it  varies  greatly  in  its  development  ; 
as  a  rule,  it  is  very  large  in  the  herbivora  and  small  in  the  carnivora.  In  various  mammals,  the 
csecal  diverticulum  becomes  differentiated  into  a  proximal  portion — the  csecum  proper — and  a 
smaller  distal  portion — the  vermiform  appendix.  This  differentiation  into  two  parts  is  as  well 
marked  in  all  the  anthropoid  apes  (gibbon,  orang,  chimpanzee,  and  gorilla)  as  in  man  ;  but  m 
the  other  primates,  a  distinct  appendix  is  absent,  the  caecum  either  ending  in  a  blunt. 
rounded  extremity,  or  being  pointed  and  thus  showing  a  tendency  towards  the  formation  of 
an  appendix,  except  in  some  lemurs  where  it  is  very  clearly  differentiated   from  the  caecum. 

Various  peritoneal  folds  and  fossa?  occur  in  the  region  of  the  caecum,  vermiform 
appendix,  end  of  ileum,  and  commencement  of  ascending  colon.  They  van'  in 
number,  and  still  more  in  degree  of  development,  but  the  following  are  fairly 
constant : — 

The  ileo-colic  fold  (superior  ileo-caecal  fold  of  Treves)  is  situated  between  the 
ileum  and  the  ascending  colon.     It  springs  from  the  ventral  surface  of  the  mesentery 

1  'The  Anatomy  of  the  Vermiform  Appendix,'  Aunt.  Anzeiger,  Bd.  n..  Julj    1895. 

2  Proc.  Anat.  Soc.  of  Great  Britain  and  Ireland,  February  1900;    Jour.  Anal,  mid  Phys.,  vol.  xxxiv. 

3  Bulletin  de  In  Sociiti  anat.  de  Paris,  1900. 

4  Kelly.  '  The  Vermiform  Appendix,   p.   L36. 

5  Ibid.,  p.  126. 

n  '  Beitrage  zur  aormalen  und  pathologischen  Anatomie  dea  Wurmfortsatzes,'  Virchow's  Arch., 
Bd.  exxxii.,  1893. 
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and  passes,  in  front  of  the  termination  of  the  ileum,  to  the  adjacent  part  of  the 
colon,  sometimes  extending  downwards,  slightly  <>n  to  the  front  of  the  caecum. 
h-  bee  border  is  concave,  and  directed  downwards  and  inwards.  This  fold 
contains  some  of  the  anterioi  branches  of  the  ileo-colic  artery,  lymphatic  vessels, 
and  frequently  Beveral  small  lymphatic  glands.  Behind  this  fold  is  an  ileo-colic 
(superior  ileo-caecal  of  Treves)  fossa  of  varying  depth.  The  largest  Treves  me1  with 
in  a  hundred  subjects  admitted  the  thumb  up  to  the  root  of  the  nail. 

The  ileo-caecal  told  (fig.  1 1<>)  (inferior  ileo-caecal  fold  of  Treves),  usually  much 
it  lun  the  ileo-colic,  is  attached  above  to  the  anti-mesenteric  or  free  border  of  the 
ileum  Eor  from  2  cm.  to  3  cm.,  and  on  the  right  side  to  the  median  aspect  of  the  caecum, 
while  its  lower  border  is  free.  This  fold  was  described  as  '  bloodless  '  by  Treves, 
as  compared  with  the  ileocolic  which  is  developed  by  the  arteries  passing  to  the 
front  of  the  caecum.  It  contains  a  few  fine  blood-vessels,  and  forms  the  anterior 
boundary  of  the  ileo-csecal  fossa,  which  will  sometimes  admit  two  or  three  fingers. 
This  fold  is  the  primitive  mesentery  of  theca?cum,  and  is  formed  between  the  caecum 
and  the  adjacent  portion  of  the  ileum  as  the  csccal  pouch  grows  out.  The  fossa 
behind  this  fold — ileo-caecal — (inferior  ileo-colic  of  Treves)  is  nearly  always  present, 
and  will  generally  admit  two  fingers  up  to  the  second  joint  (Treves).  The  opening 
of  the  fossa  is  below  and  to  the  left. 

Retro-caecal  and  retro-colic  fossae. — These  are  often  absent,  and,  when 
present,  vary  in  depth,  number,  and  position.  The  peritoneum  covering  the  posterior 
aspect  of  the  ca?cum  may  be  reflected  on  to  the  iliac  fossa  along  a  straight  line, 
and  then  the  retro-ca?cal  fossa  is  absent.  In  other  cases,  the  line  of  reflexion  is 
irregular,  and  gives  rise  to  one  or  more  pouches  open  below  and  having  their  blind 
extremities  upwards.  These  recesses  may  be  broad  and  shallow,  or  narrow  and 
deep,  and  in  the  latter  case  they  pass  upwards  behind  the  ascending  colon, 
sometimes  nearly  as  far  as  the  hepatic  flexure.  They  may  be  placed  directly 
behind  the  caecum,  and  towards  its  median  and  lateral  aspects ;  the  deepest  recess 
is  usually  found  near  the  median  aspect. 

The  posterior  surfaces  of  the  caecum  and  ascending  colon  are  at  first  covered 
by  peritoneum,  but  union  subsequently  occurs  between  this  peritoneum  and  the 
parietal  layer  behind  it.  If  this  union  takes  place  along  two  or  more  vertical  lines, 
the  intervening  areas  form  one  or  more  peritoneal  pouches.  These  fossae  are  only 
seen  after  the  caecum  is  turned  upwards.  Sometimes  the  vermiform  appendix 
ascend-in  the  anterior  wall  of  a  retro-carat  fossa,  and,  should  this  peritoneal  pouch 
become  obliterated,  the  appendix  lies  in  the  connective  tissue  behind  the  caecum 
and  ascending  colon,  and  is  destitute  of  a  serous  covering  or  mesentery. 

Colon. — The  ascending-  colon  is  continuous  with  the  caecum  at  the  level  of 

the  ileo-colic  opening.     It  passes  upwards  and  somewhat  backwards  towards  the 

liver,  below  which  organ  it  ends  by  turning  forwards  and  to  the  left,  this  bend  being 

termed  the  hepatic  flexure  of  the  colon.     Its  length  depends  on  the  extent  to  which 

the  cr,  uni  descends,  and.  should  the  latter  remain  in  contact  with  the  liver,  no 

a  -<  ending  colon  is  formed.     On  an  average,  it  is  about  12  cm.  long.    Starting  below 

at  the  level  of  the  ileo-colic  orifice,  it  passes  upwards,  resting  on  the  iliacus  muscle, 

and  having  the  fcransversalis  abdominis  muscle  on  its  outer  side.     It  then  goes 

in  front   of  the  iliac  crest,  and  ascends  in  the  lumbar  region  in  front  of  the  outer 

pari  of  the  quadratus  lumborum  muscle,  until  it  reaches  the  liver,  near  the  tip  of 

leventh  rib.     At   its  termination,  the  lower  end  of  the  kidney  lies  internal  to 

\    a  rule,  the  pari  ol  I  he  ascending  colon,  below  the  iliac  crest,  is  rather  longer 

an  that  above  the  crest.     The  commencement  of  the  ascending  colon  is  usually 

itacl  with  the  anterior  abdominal  wall,  but,  after  a  short  course,  it  may  become 

overlapped  by  convolutions  of  the  je  j  uiio-  ileuii  i  or  a  descending  limb  of  the  transverse 
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colon.  The  peritoneum  normally  invests  it  in  front  and  at  the  sides,  but 
leaves  the  posterior  surface  uncovered.  Transverse  folds  of  peritoneum  are 
occasionally  found  extending  from  the  front  of  the  ascending  colon  to  the  lateral 
wall  of  the  abdomen.  It  may  be  included  with  the  jejuno-ileum  in  the  common 
mesentery,  a  persistence  of  the  fetal  condition,  or  the  retro-csecal  or  ileo-cgecal 
pouch  may  extend  upwards  for  a  variable  distance  behind  it.  The  vermiform 
appendix,  with  or  without  a  peritoneal  covering,  is  not  infrequently  a  posterior 
relation. 

The  transverse  colon  extends  across  the  abdomen  from  the  hepatic  flexure— 
which  is  situated  on  the  under -surface  of  the  right  lobe  of  the  liver,  lateral  to  the 
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Fig.  112. — Horizontal  section  op  abdomen  of  a  man  aged  fifty  years.  The  ascending  and 
descending  parts  of  the  colon  are  divided  in  the  right  and  left  lumbar  regions 
respectively.      (P.  T.  Crymble.) 


gall-bladder  and  median  to  the  eleventh  right  rib- — to  the  splenic  flexure,  a  sharp 
bend  on  the  colon  placed  opposite  the  ninth  left  rib,  and  just  below  the  spleen. 
It  is  not  uncommon  to  find  the  two  ends  of  the  transverse  colon  lower  than  the 
points  just  mentioned  ;  but  their  relative  position  is  usually  maintained,  the  splenic 
flexure  being  higher  up  and  farther  back  than  the  hepatic.  Between  these  two 
points,  the  transverse  colon  generally  forms  a  loop  directed  downwards  and  forwards  ; 
but  its  course  across  the  abdomen  is  very  variable,  as  can  readily  be  appreciated 
when  we  realise  that  its  principal  relations  are  movable  hollow  viscera,  its  peritoneal 
connexions  such  as  permit  of  free  mobility,  and  that  its  length  varies  from  less  than 
25  cm.  to  more  than  50  cm.  It  frequently  crosses  the  median  plane  at  the  level 
of  the  umbilicus,  but  it  may  do  so  as  high  as  the  ensiform  cartilage,  or  as  low  as 
the  pubes. 

Above,  the  transverse  colon  is  in  contact  with  the  under-surface  of  the  liver, 
the  gall-bladder,  the  great  curvature  of  the  stomach,  and  the  lower  end  of  the 
spleen.  It  is  covered  in  front  by  the  great  omentum.  On  the  right  side,  some  coils 
of  the  small  intestine  may  lie  anterior  to  it,  while  near  its  termination  it  is  often 
behind  the  stomach.  From  the  hepatic  flexure,  it  passes  forwards  and  inwards, 
over  the  lower  end  of  the  right  kidney  and  the  second  part  of  the  duodenum,  and 
a  small  piece  of  the  head  of  the  pancreas  ;  and  it  is  united  to  these  structures  by 
areolar  tissue,  or  attached  by  a  short  peritoneal  fold.  In  the  rest  of  its  course 
it  has  behind  it  some  of  the  convolutions  of  the  jejunum  and  ileum.  The  two 
layers  of  the  transverse  meso-colon  are  attached  opposite  its  upper  or  mesenteric 
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taenia,  and,  aftei  investing  the  colon,  they  join  at  the  omental  taenia,  to  become 
continuous  with  the  greal  omentum  (fig.  L25).  The  pan  of  the  transverse  meso- 
colon, which  is  often  found  in  front  of  the  duodenum,  is  formed  entirely  by  the  greal 
sac,  while  thai  to  thelefl  of  the  duodenum  is  derived  from  both  greal  and  small  sacs. 
The  terminal  feu  inches  of  the  transverse  colon  often  g<>  almost  directly  backwards. 


X2 


I  i..     113.  —  Horizontm    si  •  noa 

THROUGH    Tin.     mih.min  01 

a    fetus    8    cm.    long.  (J. 
Sj  mington.) 

|).i  ..    descending     colon ;  P, 

peritoneum  ;    K..  left  kidney :  V. 
body  "i  vertebra. 


FlO.  114. — HOEIZONTA]    SECTION  THEOTOB    LBD0MEK 

of  a  nine-month^'  fetus.     (J.  Symington.) 

D.C.,  descending  colon ;  Ps,  psoas  muscle ; 
().h.,  quadratus  lumborum  :  E.S..  erector  spinse  ; 
L.V..   lumbal  vetivbra. 


The  descending'  colon  is  continuous  with  the  left  extremity  of  the  transverse 
colon  at  a  sudden  bend,  named  the  splenic  flexure,  which  is  higher  up  and  farther 
back  than  the  hepatic  flexure.  At  this  bend,  there  is  found  a  fold  of  peritoneum — ■ 
the  costo-colic  or  phrenico-colic  ligament — which  stretches  with  a  lunated  free 
border  to  the  colon  from  the  diaphragm,  opposite  the  tenth  or  eleventh  rib.     As 


I't'..    115. — Horizon 'i  \i    section   tiikoic.h   Tin:    u.nnMiN    <>r    vn    uhit   male.     (J.   Symington.) 

I..W.  lumbar   vertebra;    Ps,   psoas  muscle;   Q.L.,  quadratus  lumborum  muscle;   E.S.,  erector  spina? ; 
l'<    ,  de*  ending  colon. 


pointed  out   by  llaller.  it  supports  the  spleen,  although  unconnei  ted  with  that 

a,   and   may    be   termed   'sustentaculum   lienis.J     From  the  splenic  flexure, 

olon  de  i  i  ad    in  i  ontai  I   with  the  outer  border  of  the  lower  half  of  the  left 

At  the  low.i  end  of  the  kidney  it  may  turn  inwards  a  little,  and  then  descend 
ter  border  of  the  psoas  muscle  to  the  iliac  fossa,  where  it  joins  the  iliac 
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colon ;  or  it  may  go  straight  down,  near  the  outer  border  of  the  quadratus  lumborum, 
leaving  an  interval  between  it  and  the  psoas  muscle,  which  is  occupied  by  some 
convolutions  of  the  jejunum  (see  fig.  83).  The  descending  colon  is  often  found 
empty  and  contracted,  and  covered  in  front  by  small  intestine.  It  is  about  10  cm. 
long,  but  may  be  shorter  owing  to  a  low  position  of  the  splenic  flexure. 

In  a  young  fetus  (see  fig.  113),  the  descending  colon  has  a  relatively  long  meso- 
colon, which  is  attached  to  the  abdominal  wall  internal  to  the  kidney,  then  passing 
outwards  in  front  of  that  organ  it  joins  the  colon.  This  meso-colon  is  obliterated 
before  birth  (see  fig.  114),  probably  by  a  blending  of  its  posterior  layer  with  the 
peritoneum  in  front  of  the  kidney.  After  fetal  life,  the  descending  colon  is  generally 
covered  by  peritoneum  on  its  anterior  and  outer  surfaces  ;  the  posterior  and  inner 
surfaces  being  uncovered. 

Occasionally,  especially  when  the  colon  is  empty,  the  peritoneum  lies  behind  the 
outer  part  of  the  posterior  surface  (see  fig.  115) ;  but  the  existence  of  a  distinct 
descending  meso-colon  is  rare. 

The  iliac  colon  begins  at  the  iliac  crest,  and  passes  downwards  and  inwards 
in  the  iliac  fossa  to  the  brim  of  the  pelvis,  where  it  joins  the  pelvic  colon.  Some- 
times (see  fig.  85)  it  occupies  the 
outer  and  lower  part  of  the  iliac 
fossa,  first  descending  internal  to 
the  iliac  crest  and  then  turning 
inwards  near  the  upper  border  of 
the  inguinal  ligament.  In  these 
cases,  it  lies  in  contact  with  the 
anterior  abdominal  wall,  and  the 
coils  of  the  jejuno-ileum  are  in 
relation  with  its  upper  and  inner 
borders.  On  the  other  hand,  the 
iliac  colon  may  descend  along  the 
outer  border  of  the  psoas,  and  then 
turn  inwards  over  this  muscle, 
some  little  distance  above  the 
inguinal  ligament.  Under  these 
circumstances,  the  small  intestine 
separates  it  from  the  anterior 
abdominal  wall  and  occupies  the 
outer  and  lower  part  of  the  iliac 
fossa.  This  latter  position  is 
usually  associated  with  an  empty 
and  a  contracted  iliac  colon,  and 
it  is  probable  that,  on  distension, 
the  iliac  colon  would  push  the 
small  intestine  aside  and  occupy 
the  outer  and  lower  part  of  the 
fossa.  Intermediate  conditions  are  met  with  in  which,  on  reflecting  the  anterior 
abdominal  wall,  part  of  the  iliac  colon  is  visible,  the  remainder  being  concealed 
by  the  small  intestine.  The  iliac  colon  is  about  12  cm.  long.  In  the  greater  part 
of  its  extent  it  rests  on  the  iliacus  muscle,  but  its  terminal  portion  is  in  front 
of  the  psoas  muscle.  There  is,  as  a  rule,  no  iliac  meso-colon  the  peritoneum 
covering  it  only  in  front  and  at  the  sides  ;  and  the  posterior  surface  is  con- 
nected by  cellular  tissue  with  the  iliac  fascia.  Should  a  mesentery  he  present. 
it  is  a  short  one  and  limited  to  the  terminal  portion. 


Fig.  116. — Specimen  of  the  pelvic  colon  projecting 
upwards  into  the  abdomen  and  forming  a  large 
loop  lying  against  the  anterior  abdominal  wall. 
(J.   Symington.) 

c,  caecum  ;   O.C.,  ascending   colon  ;  s.i.,  small  intestine. 
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Tin- pelvic  colon  extends  from  the  median  border  of  the  left  psoas  muscle  to 
the  front  of  the  third  sacral  vertebra.  It  is  distinguished  from  the  iliac  colon  and 
the  rectum,  between  which  if  intervenes,  by  having  a  mesentery — the  pelvic  meso- 
colon. The  important  variations  in  its  length  and  position  are  associated  with 
the  condition  <>f  this  mesentery.  If  this  is  short,  the  pelvic  colon  passes  backwards 
and  downwards  on  the  side  wall  of  the  pelvis,  and  gradually  inclines  inwards  to 
end  near  the  median  plane  in  front  of  the  third  sacral  vertebra.     Usually,  however. 
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Fio.  117. — Sagittal  section  oj   the  pelvis  "i    \  etekali   aged  twenty-see  teaks,  made  about  2-5  cm. 

to  thi.  i'  auiiu  plane.     One-half  natural  size.     (•!.  Symington.) 

1  "'I-  i  ano-ileum  were  removed.     The  pelvic  colon  is  exposed  lying  against  the  wall  of  the  pelvis. 

the  mesentery  is  long,  and  the  pelvic  colon  forms  a  freely  movable  U-shaped  loop, 
which  may  either  hang  down  into  the  pelvis  or.  more  rarely,  project  upwards  into 
the  abdomen  (see  fig.  116).  When  dipping  down  into  the  male  pelvis,  it  may  come 
■  ontact  with  the  bladder,  rectum,  and  coils  of  small  intestine.  In  the  female, 
it  is  usually  in  relation  with  the  left  ovary  and  uterine  tube,  but  it  may  extend 
across  the  pelvis  to  the  corresponding  structures  on  the  right  side.  When  projecting 

The  colon  desctndens  of  the  B.N. A.  includes  the  drsi-endinn  and  iliac  colons,  as  described   above  and 
m  sigmniititm  is  equivalent  to  "ur  pelvic  colon,  except  that  the  terminal  portion  of  the  pelvic  colon  is 
.dcr  the  rectum  in  the  B.N.A. 


Fig.  118. — Median  section  of  the  pelvis  and  its  viscera  in  an  adult  male.    Three-fifths  natural  size. 

(J.  Symington.) 

The  bladder  contained  about  3  oz.  of  urine,  and  there  were  some  faeces  in  the  lower  part  of  the  rectum. 
5th  L.V.,  body  of  fifth  lumbar  vertebra  ;  S,  on  body  of  second  sacral  vertebra  ;  P.S..  pubic  symphysis  : 
R.R.,  rectum;  P.R.,  a  plica  transversalis  recti;  A.C.,  anal  canal,  with  its  longitudinal  folds  of  mucous 
membrane — the  columns  of  Morgagni.  Tho  tissues  between  the  anal  canal  and  tho  coccyx  constitute  the 
ano-coccygeal  body.  I.S.,  internal  sphincter;  E.S.,  external  sphincter;  L.A..  levator  ani  ;  B.C.,  recto- 
coccygeus  muscle;  BL,  bladder  ;  P,  P\  P^,  prostate  gland;  P,  its  middle  lobe,  between  I'  and  P'.  the  common 
ejaculatory  duet;  M,  membranous  part  of  urethra;  S.,  cavernous  part  of  urethra  ;  ('.('..  corpus  cavernosum 
penis;  G.,  glans  penis;  B.,  bulb  of  corpus  cavernosum  urethrse;  B.C.,  bulbo-cavernosus  muscle;  1''..  supra- 
pubic pad  of  fat;  F',  retro-pubic  pad;  p,  peritoneum. 
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into  the  abdomen,  it  often  reaches  as  high  as  fche  umbilicus,  and  Coming  '  figures  a 
men  where  it  was  in  contacl  « ith  both  the  fiver  and  t  he  stomach,  and  measured 
1  metre  in  length. 

The  attachment  of  the  pelvic  meso-colon  bo  the  body-wall  begins  ai  the  psoas 

muscle;  it  then  crosses  the  iliac  vessels  neai  the  bifurcation  of  the  common  iliac, 

and,  turning  Bomewhal  abruptly  downwards  and  inwards,  is  situated  in  front  of 

upper  two  pieces  of  the  sacrum.     The  meso-colon  is  short  towards  its  two 
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l'I,;-  'I'1      ^'i  DIAH  SECTION  or  the  pelvis  of  an  adult  FEMALE.     One-half.natural  size.     (J.  Symington.) 

The  rectum  was  ilistemled  with   faeces. 


extremities,  but  the  middle  portion  often  measures  8  cm.  to  10  cm.  in  length,  and 
thus  permits  the  pelvic  colon  to  formalong  U-shaped  loop.  Occasionally,  the  base  of 
this  portion  ol  the  pelvic  meso-colon  is  quite  narrow, the  two  ends  of  the  loop  being 
:ely  an  inch  apart.  When  the  pelvic  meso-colon  is  thrown  upwards,  a  funnel- 
shaped  recess  is  often  found  behind  its  root,  which  extends  upwards  for  a  variable 
distance  along  the  course  of  the  left  ureter. 

The  pelvic  colon  is  relatively  much  longer,in  relation  to  the  other  portions  of  the   large 
intestine,  during   fetal   life   than    in   the  adult.     Treves  found  that  in  the  full-time  fetus,  the 
pelvic  colon  was  in  inches  long,  and  the  rest  of  the  large  intestine  1  foot.     At  this  period,  the 
p  Ivic  colon  lies  almost    i  ntin  ly  in  the  abdomen,  and  often  readies  over  into  the  right   iliac 
i  eral  months  after  birth,  the  pelvic  colon  diminishes  in  length,  while  the  rest 

of  the  colon  grows,  bo  thai  the  adult  proportions  are  soon  attained. 

I  lie  rectum  begins  in  front  of  the  third  sacral  vertebra,  where  it  joins  the  pelvic 
colon,  and  terminates  on  the  pelvic  floor  by  passing  into  the  anal  canal.  It  first 
inclines  downwards  and  somewhat  backwards,  and  then  gradually  curves  forwards 

downwards;  in  addition  to  the  main  sagittal  curve,  it  frequently  exhibits 
lateral   bends     especially  when  contracted.     Its  average  length  is  about 

'  Lehrbuch  der  topographs  Zweit.     \ntlage.  Wiesbaden,  1909,  fig.  353. 
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12  cm.  to  15  cm.,  but  distension  tends  to  increase  its  length  and  straighten  its  course. 
When  empty  and  contracted,  it  may  have  a  diameter  ol  2  cm.  (see  fig.  228).  On 
distension  it  has  a  saccular  form,  and  increases  in  size  from  above  downwards ; 
the  lowest  sacculation,  called  the  ampulla,  may  attain  a  diameter  of  12  cm.  It 
has  no  mesentery,  and,  as  the  pelvic  colon  is  provided  with  one,  the  place  where 
the  bowel  loses   its  mesentery  is  considered   to  mark  the  colo-rectal   junction. 
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Fig.   120. — Rectum  exposed  from  the  front  aud  opened  by  a  longitudinal  incision.     Anal  canal 
divided  transversely.     One-half  natural  size.     (J.  Symington.) 


A  sphincter  muscle  and  a  fold  of  mucous  membrane  have  also  been  described  as 
indicating  the  point  of  union. 

The  posterior  surface  of  the  rectum  rests,  from  above  downwards,  on  the  lower- 
part  of  the  sacrum,  the  coccyx,  and  the  posterior  portion  of  the  pelvic  floor. 
Occasionally,  there  is  a  considerable  amount  of  fat  between  the  rectum  and  the 
sacrum.  The  relations  of  the  anterior  surface  vary,  according  to  the  sexes  and  the 
state  of  the  bladder  and  rectum.  If  the  male  bladder  is  full  of  urine,  and  the  rectum 
contains  a  quantity  of  fasces,  these  two  organs  are  in  close  contact,  and  the  recto- 
vesical pouch  is  reduced  to  a  narrow  cleft;  when  these  organs  are  empty,  a  large 
space  is  formed,  which  is  occupied  by  the  convolutions  of  the  jejuno-ileum  and 
the  pelvic  colon.  Below  the  bottom  of  the  recto-vesical  pouch,  the  anterior  surface 
of  the  rectum  lies  in  relation  to  the  lower  parts  of  the  ductus  deferentes  and  of 
the  seminal  vesicles,  a  small  area  of  the  bladder,  and  the  prostate  gland.  -Just 
below  the  apex  of  the  prostate,  the  anterior  wall  of  the  rectum  turns  downwards  and 
backwards;  but  occasionally  a  pouch  is  formed  in  this  sit  nation,  directed  towards 
the  membranous  part  of  the  urethra  (see  fie.  1  IS).  On  each  side  of  the  upper  pari 
of  the  rectum  there  is  a  para  -rectal  pouch  of  peritoneum,  and,  behind  and  below  tins. 
some  para-rectal  connective  tissue.     The  sides  of  a  distended   rectum  may  be  in 
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close  contact  with  the  ureters  and  the  outer  part  of  the  seminal  vesicles.  In  the 
female,  the  pouch  of  Douglas  may  be  empty,  and  the  rectum  be  closely  approxi- 
mated to  the  uterus  ami  uppez  end  of  the  vagina  (see  fig.  119),  or  the  pouch  may 
be  occupied  by  intestines.  Below  the  peritoneum,  the  anterior  wall  of  the  rectum 
is  closely  applied  to  the  vagina. 

The  rectum  is  surrounded  by  a  rather  loose  and  fatty  massof  connective  tissue. 


■  ¥&&g$ 


median    plane 


Fio.  121.— From    k  semes  <u   hch:i/ontai.  sections  or  in i:  pelvis  ok  a  man  aged  fifty  years. 

Natural  size.     (J.  Symington.) 

position  of  the  sections  is  shown  in  fig.  8".  A  is  from  the  upper  surface  of  slab  10  on  fig.  87;  B,  ditto 
oi  alab  11;  C,  ditto  of  slab  12 ;  and  D.  ditto  of  slab  13.  The  pelvic  colon  and  the  rectum  are  divided  as  they  lie 
nun  and  coccyx,  and  the  series  of  sections  Bhows  the  curved  course  and  alternate  dilatations 
and  constrictions  of  these  parts  oi  the  intestine  when  moderately  distended.  A  is  through  the  terminal  portion 
of  the  pelvic  colon  ;  I'.,  <  .  and  I),  through  the  rectum.  D  is  opposite  the  lower  end  of  the  recto-vesical  pouch 
of  peritoneum  ;   V.def.,  ductus  deferens  ;   y.c. .  peritonea  I  ca\  ity. 

external  to  which  is  a  more  compact  layer  separating  it  from  the  sacrum  behind 
and  the  genital  organs  in  front. 

The  anal  canal1  (pars analis  recti)  is  the  terminal  portion  of  the  alimentary  tube, 
which  is  surrounded  by  the  sphincters  of  the  anus.  Its  lumen  forms  a  median  slit 
in  the  pelvic  floor,  opening  above  into  the  rectum  and  below  into  the  cleft,  between 

ton,       till     Rectum   and   Anus,'    Jour  Anal,  and  Phys.,   vol.   xxiii.,    1888;    and   'Further 
Obv  I:     tun    ind  Lnal  Canal,'  ibid.,  vol.  xlvi.,  1912. 
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the  two  buttocks.  The  canal  is  directed  downwards  and  backwards,  and  measures 
about  25  mm.  in  length  when  the  rectum  is  empty,  but  is  somewhat  shorter  when 
the  rectum  is  distended.  Its  antero-posterior  extent  is  from  10  mm.  to  15  mm., 
and  in  both  sexes  it  begins  2  cm.  to  3  cm.  in  front  of  the  tip  of  the  coccyx.  The 
mass  of  tissue  between  the  two  forms  a  part  of  the  pelvic  floor  and  is  known  as  the 
ano-coccygeal  body.     External  to  its  muscular  wall,  is  the  fat  of  the  ischio-rectal 


Ih'dended  bladder 

Seminal  vesicle 

£&  Ductus  deferens 

Pararectal  tissue 
Ilio-coccyge us  muscle 
Rectum 

Fat  of  ischio-rectal  fossa 
Pubo-analis  muscle 

A  Deep  external  sphincter 

-  Superficial  ext.  sphincter 
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IN    A   MAN   AGED    SEVENTV-FOUIl   YEARS. 


Fig.  122. — Oblique  coronal  section  of  rectum,  etc. 

Natural  size.     From  a  photograph.     (J.  Symington.) 

The  rectum  is  divided  where  it  lies  on  the  pelvic  floor,  in  front  of  the  coccyx  and  behind  the  anal  canal. 
The  wall  of  the  rectum  is  seen  to  be  composed  of  a  folded  mucous  membrane,  a  submucous  coat  (light  in  colour), 
and  of  two  layers  of  muscular  fibres,  of  which  the  outer  and  longitudinal  layer  appears  darker  and  better 
developed  than  the  inner  circular  layer.  At  this  level  there  is  no  serous  coat.  The  bladder  was  considerably 
distended  and  the  seminal  vesicles  partially  atrophied. 

fossa.  Its  anterior  relations  vary  according  to  the  sex.  In  the  male,  the  bulb 
of  the  penis  is  rather  more  than  1  cm.  in  front  of  it ;  while  in  the  female  it  is 
separated  from  the  lower  part  of  the  vagina  and  the  pudendal  opening  by  the 
perineal  body. 

APPEARANCE    AND    NAKED-EYE    STRUCTURE    OF   THE    LARGE    INTESTINE. 

The  large  intestine  has  four  coats,  like  those  of  the  stomach  and  small  intestine  : 
namely — the  serous,  muscular,  submucous,  and  mucous. 

The  serous  coat  is  for  the  most  part  similar  to  that  of  the  small  intestine, 
except  that,  along  the  colon,  it  is  prolonged  into  numerous  projections,  enclosing 
fat,  which  are  called  appendices  epiploicce.  These  appendices  vary  greatly  in  size, 
and  in  stout  individuals  may  be  4  cm.  to  5  cm.  long,  give  off  a  number  of  secondary 
processes,  and  be  loaded  with  fat.  On  the  vermiform  appendix,  the  serous  membrane 
is  smooth  and  closely  adherent  to  the  subjacent  muscular  fibres;  but  two  rows 
of  appendices  epiploicse,  one  on  each  side,  project  from  its  mesentery  close  to  the 
appendix.  Occasionally,  some  rudimentary  appendices  epiploicoc  are  found  on 
the  free  surface  of  the  vermiform  appendix.  The  epiploic  appendages  are  found 
along  the  whole  of  the  colon,  and  are  usually  best  marked  on  the  transverse  colon 
and  the  pelvic  colon.     They  are  seldom  conspicuous  on  the  caecum,  and.  on  the 
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•■1  descending  colon,  are  mainly  attached  bo  the  median  and  lateral 

while  on  the  transverse  colon,  they  spring  almost  entirely  Erom  its  posterior 

surface,  I  ••  -i i » -_r  attached   between   the  two  longitudinal   muscular   bands,   termed 

colica  and  taenia  libera,  and,  when  well  developed,  also  from  the  adjaccnl 

pari  of  the  transverse  colon.    On  the  pelvic  colon,  they  often  Eonn  two  somewhat 

Jar  rows,  situated  on  each  Bide  of  the  bowel;  they  gradually  become  smaller 

in  size  and  fewer  in  uumher  towards  the  end  of  the  pelvic  colon, and  they  are  absent 

Erom  the  re.  turn. 

The    muscular  coat    consists   of   external    longitudinal    and  internal  circular 
0]     the    CfiBCUm    and  the  ascending,  transverse,  and  descending  colons,  the 

itudinal  fibres  are  arranged  in  three  bundles,  Known  astaenae  coli,  the  intervening 
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FlO.    [23.       ObLIQI   I     CORONA!     SECTION    ill'   THE    TERMINATION    OF   THE   RECTUM,   THE   ASM.   CANAL,    ETC.,    IN 

a  mw    ujed  seventy-four  years.    Natural  size.     Prom  a  photograph.     (J.  Symington.) 
The  section  is  about  2-S  cm.  is  front  of  thai  shown  in  fig.  122.     The  mucous  membrane  of  the  anal 
is  Bomewhal   redundant,  and  the  buttocks  wen    separated  from  one  another  before  the  section  was 

of  the  wall  being  almosl  destitute  of  longitudinal  fibres.     These  three  bundles 

unite  at  the  attachment   of  the  vermiform  appendix  to  the  caecum.     From  this 

point,  an  anterior  taenia,  or  taenia  libera,  passes  on  to  the  front  of  the  caecum,  and  then 

in  a  similar  position  on  the  ascending  colon.    At  the  hepatic  flexure,  owing 

to  a  rotation  of  the  transverse  colon  on  its  long  axis,  it  turns  on  to  the  posterior 

surface  of  the  t  i  a  nsverse  colon,  regaining  its  former  position  at  the  splenic  flexure. 

BO  that    it   descends  on  the  front    of  the  descending  colon.     The  other  two  hands 

aie  termed  postero  lateral  and  postero-median.    The  postero-median  ascends  from 

the  vermiform  appendix  behind  the  termination  of  the  ileum,  at  the  upper  border 

of  which  it  bridges  over  a  distincl   inflexion  of  the  intestinal  wall  which  forms  the 

upper  lip  ol  the  ileo-colic  valve.     On  the  transverse  colon,  this  taenia  is  on  the  upper 

border  at  the  attachment  ol  the  transverse  meso-colon,  hence  it  is  called  tamia 

"■      In  tin'  descending  colon    it  again  becomes  postero-median  in  position. 

I  be  postero-lateral  taenia  occupies  this  position  on  both  the  ascending  and  descending 

I  nit  is  in  front  of  the  transverse  colon  where  the  great  omentum  is  attached 

■    ' 

icted  condition  of  the  colon,  these  tania?  are  about  5  mm. 
1  1  mm.  thick  ;    but,  as  the  Imwel  is  distended,  they  become  broader  and 
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thinner.  Measured  from  end  to  end,  these  three  bands  are  shorter  than  the  inter- 
vening parts  of  the  tube,  and  the  latter  are  thus  thrown  into  sacculi,  accordingly, 
when  the  bands  are  removed,  the  sacculi  are  entirely  effaced,  and  the  colon,  elon- 
gated considerably,  assumes  the  cylindrical  form.  The  transverse  cons!  rid  i<  >ns  seen 
on  the  exterior  of  the  intestine,  between  the  sacculi,  appear  on  the  inside  as  ridges 
(plicce  semilunares  coli),  and  the  sacculi  as  recesses  (haustra  coli). 

The  longitudinal  fibres  form  a  fairly  uniform  layer,  about  0-2  mm.  in  thickness, 
in  the  appendix.     In  the  iliac  colon,  the  anterior  and  the  postero-lateral  taeniae 
of   the  descending  colon    tend 
to    run    together,   forming    an 
anterior  or  free  taenia.     These 
two  taeniae,  with  two  rows  of 
sacculi,  are  found  on  the  pelvic 
colon,    and     the     longitudinal 
fibres  are  continued  down  the 
front   and   back    of  the  upper 
part   of   the  rectum,  but,    to- 
wards its  lower  end,  they  are 
found    all   round    the    rectum 
(see    fig.    122),   and    are   then 
prolonged  into  the  wall  of  the 
anal    canal    external    to    the 
internal  sphincter  of  the  anus. 
The  circular  muscular  fibres 
have  the  same  general  arrange- 
ment as  in  the  small  intestine, 
but  they  are  thicker  opposite 
the     intervals     between     the 
sacculi   of    the   colon  and  the 
transverse  folds  of  the  rectum 
than  over  the  surface  generally. 
At     the    lower     end    of     the 
rectum,  the  circular  fibres  are 
continuous   with    the    internal 
sphincter  of  the  anus.     A  pair 
of  small  bands  of  plain  mus- 
cular tissue,  which  arise  from  the  front  of  the  second  and  third  coccygeal  vertebras, 
and  are  also  connected   with   the  pelvic   fascia,  pass  with    a   slight   downward 
inclination  to  the  posterior  part  of  the  anal  canal  (see  fig.   118),   and   become 
intermingled  with  its  longitudinal  fibres.     They  are  known  as  the  recto-coccy^eal 
muscles.     The  submucous  or   areolar  coat  resembles  in  all  respects  that  of  the 
small  intestine. 

The  mucous  membrane  differs  from  that  of  the  small  intestine  in  being 
destitute  of  villi.  Viewed  with  a  lens,  its  surface  is  seen  to  be  marked  all  over  by 
the  orifices  of  numerous  tubular  glands  {crypts  of  Lieberfcuhn,  tig.  L04),  resembling 
those  of  the  small  intestine,  but  longer  and  more  numerous,  and  further  dis- 
tinguished from  them  by  the  large  number  of  mucous  cells  which  they  contain. 

Scattered  over  the  whole  large  intestine,  lymphoid  nodules  are  found  -similar 
to  the  solitary  glands  of  the  small  intestine.  They  are  most  numerous  in  the 
caecum  and  its  vermiform  appendix,  being  placed  closely  all  over  the  latter. 

When  the  large  intestine  is  empty  and  firmly  contracted,  its  mucous  membrane 
is  thrown  into  numerous  folds  :  sometimes  definitely  longitudinal  in  direction,  more 


Fig.  124. — Oblique  coronal  section  of  anal   canal,  etc., 
in  a  young  adult  male.     Natural  size.     (J.  Symington.) 

B.,  cavity  of  bladder;  V.D.,  ductus  deferens;  S.V., 
seminal  vesicle;  R.  rectum:  A.C.,  anal  canal;  L.A..  levator 
ani;  I.S.,  internal  sphincter  of  anus;  E.S.,  external  sphincter 
of  anus. 
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frequently  in  an  iiregulax  manner.  As  the  intestine  begins  to  distend,  its  walls 
yield  unequally  to  the  interna]  pressure,  and  saccular  dilatations  are  formed,  the 
lining  of  which  is  Bmooth,  while  in  other  situations  the  folds  of  mucous  membrane 
run  in  various  directions.  As  the  distension  progresses,  most  of  the  folds  disappear. 
I. ut  a  few  remain  as  transverse  or  oblique  crescentk  shelves,  projecting  towards 
the  lumen  from  about  one-half  of  the  circumference  of  the  wall.  .Such  crescentk 
folds  may  he  found  in  any  portion  of  the  large  intestine  when  distended,  but  they 
are  usually  besl  marked  in  the  ascending  and  transverse  colon  and  in  the  rectum. 
They  usually  correspond  to  a  flexure  of  the  bowel,  and  consist,  in  addition  to  the 
mucous  and  submucous  coats,  of  some  fibres  of  the  circular  muscular  layer. 

In  the  rectum,  these  folds  (plica  transver  sales  recti)  were  described  by  J.  Houston  1 
,i-  valvular';    0.  ECohlrausch  2  named  the  most  prominent  one,  plica  transversalis 


Fig.  lio. — Trams\  i  RSE  '•.  empti  and  contracted.     (Drawn  by  G.  C.  R.  Harbinson.) 

The    great    omentum    is    turned    upwards,    and   the    posterior    surface    of   the    colon    and    transverse 
mesocolon  exposed. 

a,  taenia  libera  ;    b.  one  ol  the  saccules  :    c,  appendices  epiploicae. 

recti  :  while  more  recently,  W.  J.  Otis3  has  published  a  detailed  account  of  their 
anatomy.  The  most  constant  and  best-developed  fold  is  situated  on  the  right 
side,  and  usually  extends  farther  on  the  anterior  than  on  the  posterior  wall.  It  is 
opposite  the  reflexion  of  the  peritoneum  from  the  rectum  on  to  the  bladder, 
in  the  male,  and  on  to  the  upper  part  of  the  vagina  in  the  female.  The  distance  of 
I  his  fold  above  the  verge  of  the  anus  is  about  6-5  cm.  (Otis),  but  should  the  rectum 
below  this  level  be  considerably  distended,  it  may  be  increased  to  nearly  10  cm. 
I'ater.son  '  has  proposed  a  division  of  the  rectum  into  an  upper  and  a  lower  part, 
this  plica  marking  their  separation. 

Occasionally,  a  plica  is  found  below  this,  and  one  or  more  above  it.  Otis  showed 
that,  by  placing  the  body  in  the  genu-pectoral  position,  avoiding  any  pressure  on 
the  front  of  the  abdomen,  and  opening  the  anus  with  retractors,  the  rectum  was 
distended  with  air  and  two  to  five  plicae  exposed  to  view.  When  the  rectum  is 
removed  from  the  body  and  distended,  it  does  not  form  a  uniform  cylindrical  tube, 

•  .'   (hi    Pelvit,    Dublin,    1829;    and   '  Observation*   on   the   Mucous   Membrane   of  the  Rectum,' 
'  Reports,  vol.  v.,V830, 
{not  "  •  und  Phyaiologit  der  Beckenorgane,  Leipzig,  1854. 

il  Researches  in  lli'  Human  Rectum,  Leipzig,  ISS7. 
Form  of  1  ur.  Anal,  and  Phys.,  vol.  xlviii.,  January  1909. 
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but  exhibits  lateral  and  more  or  less  regularly  alternating  constrictions  with  saccular 
dilatations  between  them.     The  plicse  are  the  reverse  of  the  constrictions. 

The  mucous  membrane  of  the  rectum  is  thicker,  redder,  and  more  vascular  than 
that  of  the  colon  and  it  moves  more  freely  upon  the  muscular  coat. 

Orifice  of  the  appendix. — In  the  csecum,  two  orifices  are  seen  :  namely — 
those  of  the  vermiform  appendix  and  ileum.  Towards  the  true  apex  of  the 
caecum — especially  when  conical — the  mucous  membrane  may  be  thrown  into  a 
number  of  more  or  less  concentric  folds,  and  one,  two,  or  three  of  those  situated 
close  to  the  orifice  of  the  appendix  may  simulate  a  valve.     Not  infrequently,  a 


Fig.  126. — Antero-external  wall  of  cecum  and  commencement  of  ascending  colon  removed  to 
show  ileo-colic  oeifice,  etc.     From  a  specimen  hardened  in  situ.     (Drawn  by  G.  C.  R.  Harbinson.) 

a,  lower  end  of  ileum  ;    b,  its  mesentery  ;    c,  c,  caecum  ;    d,  orifice  of  vermiform  appendix  ;  e,  ileo-colie 
orifice  ;  /,  upper  or  ileo-colic  segment  of  its  valve  ;   g,  lower  or  ileo-csecal  segment ;   h,  ascending  colon. 


semilunar  fold  is  present  at  the  upper  part  of  the  orifice,  and  is  often  known  as 
Gerlach's  valve.  It  is  doubtful  if  any  of  these  folds  form  really  competent  valves, 
preventing  the  contents  of  the  cpecum  passing  into  the  appendix0 

Ileo-colic  orifice  and  valve  (valvula  coli). — This  orifice  appears  as  a 
transverse  or  oblique  slit,  about  1  cm.  to  1*5  cm.  in  length,  on  the  posterior  wall 
of  the  large  intestine  at  the  junction  of  the  cecum  and  ascending  colon  (see  fig.  126). 
It  is  guarded  by  a  valve  composed  of  two  segments  or  folds,  which  project  into  the 
large  intestine.  The  upper  of  the  two  folds  (see  fig.  127)  is  horizontal,  and  the 
lower  oblique.  At  each  end  of  the  aperture,  these  folds  coalesce,  and  are  then 
prolonged  as  a  single  ridge  on  each  side  for  some  distance  round  the  cavity  of  the 
intestine,  forming  the  frcena  or  retinacula  of  the  valve.  When  dried,  after  distension 
of  the  intestine,  the  valves  appear  thin  with  sharp  edges,  but  in  the  moist  condition 
they  are  thick  and  the  borders  rounded.     Sometimes  the  lower  valve  does  not 


128 


DIGESl  IVK  SYS1  EM 


forwards  as  tar  as  the  upper,  and  its  tree  border  is  concave.  The  opposed 
surfaces  of  the  valvular  folds  which  look  towards  the  ileum  and  are  continuous 
with  n-  mucous  surface  are  covered  like  it  with  villi,  while  their  other  surfaces, 
turned  towards  the  large  intestine,  are  smooth  and  destitute  ol  villi.  In  the  fifth 
month  of  fetal  life,  both  surfaces  of  the  ileo-colic  valve  possess  villi;  but  by  the 
ninth  month,  the  villi  on  the  eolicaspeel  of  the  valve  are  represented  by  only  a 
i iimcd  processes  (Langer). 

consists  of 


Bach   Begmenl   of  the   valve 


'a  - 


two  layers  of  mucous  membrane. 
continuous  with  each  other  along 
the  free  margin,  and  including 
between  them,  besides  the  sub- 
mucous areolar  tissue,  a  number 
of  muscular  fibres,  continued  from 
I  hose  of  the  ileum  and  of  the  large 
intestine — in  fact,  all  the  coats  of 
the  intestine  except  the  serous. 
The  muscular  coat  is  thin,  and 
consists  mainly  of  circular  fibres ; 
but,  according  to  Toldt,  some  longi- 
tudinal fibres  are  present,  which 
are  visible  in  sections  examined 
under  low*  powers.  The  function 
of  the  ileo-colic  valve  is  to  prevent 
the  intestinal  contents  passing  from 
the  large  into  the  small  intestine. 
Its  valvular  action  is  independent 
of  muscular  contraction,  as  air  or 
fluid  forced  into  the  large  intestine 
in  the  cadaver  does  not  generally 
find  its  way  into  the  ileum.  It  is 
probable  that  the  distension  of  the 
caecum  presses  the  walls  of  the 
ileum  against  one  another  much 
in  the  same  way  as  the  urine  is 
prevented  from  passing  from  the 
bladder  into  the  ureters.  Some 
consider  that  distension  of  the 
caecum  stretches  the  frenula,  and 
the  lips  of  the  opening  are  thus 
drawn  together.  The  muscular  fibres  in  the  ileo-colic  valves  are  too  feebly 
developed  in   the  human  subject  to  have  any  appreciable  sphincteric  action. 

D  Lyon     Medical,  November  L885)  made  a  series  of  experiments  to  determine  the 

competency  of  this  valve  by  injecting,  per  rectum,  air  or  water,  with  the  intestines  in  situ,  and 
he  found  thai  it  permitted  these  to  pass  from  the  large  to  the  small  intestine  in  the  proportion  of 

abort  i« it  of  three.     When  competent,  however,  it  resisted  the  pressure  of  a  column  of  water 

to. m  :,  o,  l  ties  iii  heijht.  the  large  intestine  linally  rupturing  without  a  drop  of  fluid 

ba\  ing  passed  through  the  il  o  colic  orifice.    Be  considered  that ,  in  the  eases  of  incompetency, 
the  c  menl  of  the  valve  was  shorter  than  the  colic,  while  in  the  others  it  was  as  long  or 

loir 

Birmingham  i  eof  absence  of  the  ileo-colie  valve,  and  iStruthers  has  described 

us  in  which  the  valve  was  imperfectly  developed. 

ill  o  colii    valve  tx  gin    to  appear  in  the  eighth    to  the  tenth  month  of  fetal  life  as  an 

id  of  the  adjacent  walls  i  if  the  cavii  in  and  colon  into  the  large  intestine. 

and  by  the  middle  of  fetal  life  it  has  developed  into  a  blunl  conical  process,  blocking  up  nearrj 


Fin.   127.-    I.oxum  niXAL  section   THROUGH   the   loweb 

END  OF  THE  ILEUM,  THE  ILEO-Ci  II.IC  VAI.VE.  THE 
■  EOUM,  \m>  no:  ASCENDING  COLON,  TO  SHOW  THE 
RELATION     01      THE     TERMINATION     OP     THE     ILEUM    TO 

the  c.Ei  i  \i.  Viewed  mainly  from  the  left  side. 
i.I.  Symington.) 

a,  antero-erternal  wall  of  caecum  ;   '-.  cavity  of  ileum  ; 

. .  lower  "i  ileo-ct  aent  ol  ileo-colic  valve  :  d,  upper 

in'  nt  ;  ..  frenulum  on  right  side  of  ileo-colic 

opening;   f,  ascending  colon  ;  y,  vermiform  appendix  with 

it-  mesentery  ;  h,  h,  h.  peritoneum. 
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the  whole  of  the  adjacent  cavity  of  the  bowel.  Towards  the  end  of  fetal  life,  and  during  early 
infancy,  the  large  intestine  grows  more  rapidly  than  the  valve,  so  that  the  latter  becomes  re  lath  <  h 
smaller  in  comparison  with  the  diameter  of  the  bowel.  When  the  ileum  is  invaginated  into 
the  large  intestine,  a  sharp  bend  is  formed  between  the  caecum  and  colon,  and  the  postero-median 
or  mesenteric  taenia  of  the  longitudinal  muscular  coat  bridges  over  the  indentation  and  forms 
what  has  been  described  by  Kraus  '  as  the  habenula  cceci. 

The  wall  of  the  anal  canal  differs  in  its  structure  from  that  of  the  intestine 
in  being  lined  partly  by  skin  and  partly  by  mucous  membrane,  in  the  addition 
of  striped  to  its  non-striped  muscle,  and  in  the  complete  absence  of  a  serous  coat. 

If  the  lower  part  of  the  rectum  is  empty,  the  longitudinal  folds  of  its  mucous 
membrane  are  prolonged  down  the  upper  part  of  the  anal  canal,  and  the 
radiating  folds  of  skin  below  the  canal  extend  a  short  distance  up.  An 
intermediate  zone  may  be  recognised,  which  in  children  is  marked  by  a  variable 
number  of  small  recesses,  called  the  anal  sinuses,  which  open  up  wards  and  are 
bounded  towards  the  lumen  of  the  canal  by  semilunar  fokls — the  anal  valves. 
These  structures  usually  disappear  before  adult  life.  This  intermediate  zone 
is  covered  by  stratified  squamous  epithelium,  and  it  probably  corresponds  to  the 
union  of  the  hind-gut  with  the  proctodceum. 

The  circular  muscular  fibres  of  the  rectum  are  continuous  with  a  mass  of  non- 
striped  fibres  which  surround  the  whole  length  of  the  anal  canal  and  form  the 
internal  sphincter  ;  while  the  longitudinal  fibres  of  the  rectum  pass  down  the  wall 
of  the  anal  canal  external  to  the  internal  sphincter  and  terminate  in  connective 
tissue  which  passes  between  some  of  the  bundles  of  the  external  sphincter.  These 
longitudinal  fibres  are  joined  by  others,  derived  from  the  levator  ani  (see  fig.  123), 
and  probably  assist  in  drawing  up  the  skin  which  is  protruded  during  defaecation. 

The  voluntary  muscles  round  the  anal  canal  are  the  external  sphincter  and  the 
pubo-anal  portions  of  the  levatores  ani  (see  fig.  123).  With  the  internal  sphincter, 
they  form  a  mass  of  muscular  tissue,  the  primary  function  of  which  is  to  close  the 
anus.  They  may  also  assist  in  the  expulsion  of  the  fasces  by  contracting  in  a 
vermicular  manner  from  above  downwards. 

Blood-vessels,  lymphatics,  and  nerves  of  the  larg-e  intestine. — The 
large  intestine  is  supplied  almost  entirely  by  branches  of  the  superior  and  inferior 
mesenteric  arteries,  but  the  lower  end  of  the  rectum  and  anal  canal  also  get  blood 
from  the  middle  and  inferior  hemorrhoidals.  The  superior  mesenteric  supplies  the 
portion  of  the  large  intestine  developed  from  the  caudal  limb  of  the  intestinal  loop, 
which  projects  through  the  umbilical  opening  in  early  fetal  life  :  namely — the  caecum 
with  its  appendix,  the  ascending  colon,  and  the  right  two-thirds  of  the  transverse 
colon,  while  the  inferior  mesenteric  gives  branches  to  the  portions  of  intestine 
formed  from  the  hind-gut :  namely — the  left  third  of  the  transverse  colon,  the 
descending  iliac  and  pelvic  colon,  and  the  greater  part  of  the  rectum.  The  branches 
of  the  superior  mesenteric  to  the  large  intestine  are  the  ileo-colic,  the  right  colic 
(not  constant),  and  the  middle  colic.  The  ileo-colic  passes  downwards  and  to  the 
right  in  the  root  of  the  mesentery  and  "ives  branches  to  the  end  of  the  ileum,  the 
vermiform  appendix,  the  csecum,  and  the  lower  part  of  the  ascending  colon.  The 
appendicular  branch  descends  behind  the  ileum,  and  runs  in  the  meso-appendix— 
usually,  close  to  its  free  border.  This  artery  can  be  traced  along  the  whole  length 
of  the  appendix,  and  it  usually  gives  off  about  five  branches  to  it.  The  anterior 
cpecal  branch  passes  into  the  ileo-colic  fold  and  ramifies  over  the  anterior  surface  of 
the  csecum,  while  a  posterior  cascal  goes  to  the.  back  of  the  caecum.  The  right  colic 
passes  outwards,  behind  the  peritoneum,  to  reach  the  ascending  colon,  and  divides 
into  branches,  which  anastomose  with  the  ileo-colic  and  middle  colic.     The  middle 

1  'Zur  Anatomie  der  Ileo-caecalklappe,'  Arch.  f.  klin.  Chirurgie,  Bd.  xliv.,  1S92. 
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oolio  arises  jusi  below  the  head  o£  the  pancreas  and  enters  the  transverse  meso-colon. 
1?  divides  into  two  branches,  which,  generally,  again  suhdivide,  and  they  anastomose, 
forming  ;i  Beries  <>t  arcades  lying  near  the  colon.  The  left  branch  Eorms  a  long 
arcade  with  a  branch  of  the  left  colic,  and  below  this  arcade  there  is  a  considerable 
area  of  the  meso  colon  almosl  destitute  of  blood-vessels.  The  inferior  mesenteric 
artery  arises  from  the  aorta  usually  under  cover  of  the  third  part  of  the  duodenum. 
Ii  inclines  downwards  and  outwards,  passes  over  the  left  common  iliac  artery,  and 
descends  into  the  pelvis  behind  tin'  root  of  the  pelvic  meso-colon  to  terminate  as 
the  superior  hsemorrhoidal.     The  left  colic  is  a  large  branch,  which  comes  off  near 

tl rigin  of  the  inferior  mesenteric,  and  courses  upwards  and  outwards  to  supply 

the  descending  colon,  and  anastomose  with  the  middle  colic.  The  sigmoid  branches 
c,,mr  off  from  the  inferior  mesenteric  with  the  exception  of  the  upper  one.  which 
often  arises  from  the  left  colic— and  supply  the  iliac  and  pelvic  colon.  The  colic 
and  sigmoid  arteries  form  a  continuous  series  of  anastomosing  arcades  along  the 
course  of  the  colon,  but  the  anastomosis  is  not  so  free  between  the  two  lowest 
sigmoid  branches  and  between  the  lowesl  sigmoid  and  the  superior  hsemorrhoidal 
arteries.! 

The-mosl  imp. nam  artery  for  the  supply  of  the  rectum  is  the  superior  haemor- 
rhoids!. It  is  a  single  vessel  which  descends  behind  the  rectum  and  then  divides 
into  two  branches,  which  pass  downwards,  one  on  each  side  of  the  rectum. 
Their  lower  branches  pierce  the  muscular  coat,  and  run  in  a  longitudinal 
direction  under  the  mucous  membrane,  and  anaMoiimse  freely  with  one  another. 
[n  the  anal  canal,  they  lie  in  the  longitudinal  folds  of  the  mucous  membrane,  and 
reach  nearly  as  far  as  the  verge  of  the  anus. 

The  veins  of  the  large  intestine  correspond  generally  with  the  arteries.  The 
superior  hsemorrhoidal  vein  commences  in  little  dilatations  in  the  folds  of  mucous 
membrane  found  in  the  upper  part  of  the  anal  canal.  These  veins  anastomose 
with  the  inferior  hemorrhoidal  veins,  and  there  is  thus  established  an  important 
communication  between  the  portal  and  the  inferior  vena  cava!  system  of  pelvic 
veins.  The  tributaries  of  the  superior  hsemorrhoidal  vein  ascend  in  the  submucous 
coat  of  the  rectum  Eor  about  6  cm.,  and.  communicating  with  one  another,  form  the 
bsemorrhoida]  plexus.  They  pierce  the  muscular  coat  by  five  or  six  openings,  and 
ultimately  unite  to  form  the  trunk  of  the  superior  hsemorrhoidal, which  is  continued 
into  the  abdomen  as  the  inferior  mesenteric.  This  leaves  the  inferior  mesenteric 
artery  on  the  left  side  of  the  aorta,  and.  continuingto  ascend,  terminates  in  the 
splenic  vein  (see  yuenu.  '  Etude  surles  veines  du  rectum  et  de  l'anus,'  Bull.  Soc. 
Anat.,  Paris,  L892). 

The  lymphatic   vessels  in   the   coats  of  the   large  intestine  have  the  same 

neral    arrangement    as  in  the  small   intestine,   except  in  so  far   as   they    are 

odified  by  the  absence  of  intestinal  villi.     They  are  stated  to  be  more  numerous 

in  the  c;eeiim  and  vermiform  appendix  than  in  the  other  parts  of  the  large  intestine. 

Kelly  and  Hurden     describe  the  lymphatic  vessels  in  the  appendix  as  arranged  in 

three  plexuses,  lying  respectively  under  the  serous  tunic,  the  circular  muscular  fibres. 

and  the  muscularis  mucosae,  and  only  communicating  slightly  with  one  another: 

but  .lamieson  and  Dobson  :  doubt  this  lack  of  communication,  as  they  found  all  the 

lymphatics  of  the  appendix  could  readily  he  injected  from  the  submucous  coat. 

The  afferent  vessels  of  the  large  intestine  end  in  groups  of  lymphatic  plands,  which 

follow  very  closelj  the  course  of  the  blood-vessels,  and  the  glands  above  the  rectum 

Livided  byJamieson  and  Dobson  '  into  the  following  chains:  ileo-colic,  meso- 

I    H.  Drummond,  "The  Ait.  rial  Supply  of  the  Rectum  ami  IVlvic  Colon.'  Brit.  Jour,  of  Surgery,  vol.  i.. 

and  its  Diseasi  .  1905. 
'I'll.'  Lym]  tl      '         nn  ami  Appendix,1  Lancet.  April  27,  1907. 

Lymphatics  of  the  Colon,    Proc.  Royal .?.«-.  o)   Medicine,  vol.  xi.,  part  iii..  1909. 
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colic,  left  colic,  and  inferior  mesenteric,  and  each  chain  is  said  to  consist  of  epicolic, 
paracolic,  intermediate,  and  main  groups.  The  afferent  lymphatics  ending  in 
the  ileo-colic  glands,  drain  the  portions  of  the  intestine  supplied  by  the  ileo-colic 
artery.  The  glands  on  or  near  the  intestine  are  the  ileo-colic,  lying  in  the  ileo-colic 
fold  of  peritoneum  ;  posterior  ileo-colic,  at  the  back  of  the  junction  of  the  ileum  and 
ascending  colon ;  a  small  gland  in  the  meso-appendix,  and  glands  along  the  mesenteric 
border  of  the  terminal  portion  of  the  ileum  and  the  median  border  of  the  ascending 
colon.  The  main  group  consists  of  ten  to  twenty  glands,  extending  upwards  along 
the  course  of  the  ileo-colic  artery,  and  more  or  less  distinctly  continuous  above  with 
the  main  group  of  mesenteric  glands.  Jamieson  and  Dobson  emphasise  the  fact 
that  vessels  from  the  csecurn  or  appendix  may  pass  the  glands  in  their  immediate 
neighbourhood,  and  ascend  to  end  directly  in  any  of  the  glands  of  the  main  ileo-colic 
group.  The  epicolic  glands,  situated  under  the  serous  coat  or  in  the  appendices 
epiploicse,  are  verv  small — most  numerous  in  young  subjects  and  on  the  pelvic  colon. 
The  lymphatic  vessels  of  the  rectum  and  anal  canal  are  well  developed,  and  form 
plexuses  in  the  submucous  and  muscular  coats.  Those  around  the  anal  orifice 
terminate  in  the  superficial  inguinal  glands,  the  others  ascend  in  the  wall  of 
the  rectum,  pierce  the  muscular  coat,  and  terminate  mainly  in  glands  in  front 
of  the  sacrum,  but  a  few  pass  outwards  to  the  glands  on  the  lateral  wall  of  the 
pelvis. 

The  nerves  of  the  colon  resemble  those  of  the  small  intestine  in  arising  from 
the  lower  thoracic  nerves  and  passing  through  the  great  splanchnics  to  the  ganglia 
of  the  cceliac  plexus.  The  non-medullated  fibres  issuing  from  this  plexus  accompany 
the  branches  of  the  superior  and  inferior  mesenteric  arteries  going  to  the  colon. 
The  nerves  of  the  rectum  are  very  numerous  and  are  derived  from  both  the 
cerebro-spinal  and  the  sympathetic  systems.  The  former  consist  of  branches 
derived  from  the  sacral  nerves,  and  the  latter  of  offsets  from  the  inferior  mesenteric 
and  hypogastric  plexuses.  Experiments  upon  animals  have  shown  that  the  longi- 
tudinal muscular  fibres  of  the  rectum  are  supplied  with  motor  fibres  from  the 
anterior  roots  of  certain  of  the  sacral  nerves  (second  and  third,  and  also  the  first 
in  the  dog),  which  nerves  also  supply  inhibitory  fibres  to  the  circular  coat,  whereas 
the  fibres  of  the  hypogastric  plexus,  supplying  the  circular  muscular  tissue 
with  motor  fibres,  are  derived  from  white  rami  communicantes  of  the  anterior 
roots  of  certain  of  the  lumbar  nerves,  which  join  the  sympathetic  chain  and  lose 
their  medullary  sheath  before  passing  to  their  distribution  in  the  muscular  coat. 
Pilliet  has  noted  the  presence  of  Pacinian  corpuscles  upon  some  of  the  nerves 
distributed  to  the  anal  mucous  membrane.  The  normal  mucous  membrane  of 
the  intestine  is  not  sensitive  to  tactile  or  painful  stimuli,  but  the  peritoneal  covering 
is  sensitive.  The  mucous  membrane,  for  about  an  inch  above  the  muco-cutaneous 
junction  in  the  anal  canal,  is  an  exception  to  the  above  rule,  as  it  is  markedly 
sensitive.  The  skin  at  the  verge  of  the  anus  is  supplied  by  the  fourth  sacral 
nerve. 

Variations  in  the  larg-e  intestine. — The  principal  variations  are  due  to 
irregular  or  defective  development.  In  cases  of  complete  transposition  of  the  viscera . 
the  caecum  lies  in  the  left  iliac  fossa,  and  the  iliac  colon  in  the  right.  The  proximal 
portion  of  the  large  intestine,  as  far  as  the  left  part  of  the  transverse  colon,  may 
remain  attached,  along  with  the  jejuno-ileum,  to  the  posterior  abdominal  wall  by  a 
common  mesentery,  and  the  rotation  of  the  intestinal  loop,  associated  with  the 
descent  of  the  csecurn  and  the  formation  of  a  descending  colon,  may  be  permanent  ly 
arrested  in  any  part  of  its  course.  The  descending  colon  may  remain  near  the 
median  plane  and  be  connected  with  the  front  of  the  vertebral  column  by  a 
mesentery.  Occasionally,  the  rectum  opens  into  the  bladder  or  urethra,  or  it  may 
terminate  blindly,  giving  rise  to  the  condition  known  as  imperforate  anus. 
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The  liver  (hepar)  is  an  external  and  internal  secreting  gland  which  is  dis- 
tinguished by  its  large  size,  the  peculiar  relation  of  its  secreting  cells  to  their  ducts, 
.mil  the  fact  thai  il  receives  a  large  amounl  of  venous  blood,  which,  in  its  passage 
through  the  organ,  is  brought,  by  a  sinusoid  arrangement  of  its  capillaries,  into  direct, 
contact  with  the  liver-cells.  It  secretes  the  bile,  and  is  also  the  seat  of  what  is  known 
as  the  glycogenic  function.  It  is  a  solid  mass  of  a  yellowish  brown  colour ;  hut 
when  its  vessels  are  filled  with  blood,  it  presents  a  dark  red  and  somewhat  mottled 
appearance.  It  is  easily  cu1  or  Lacerated,  and  is  not  infrequently  ruptured  during 
life  from  accidents,  in  which  other  parts  of  the  body  have  escaped  injury.  When 
the  substance  of  the  liver  is  turn,  the  broken  surface  is  not  smooth,  but  coarsely 
granular— the  liver  being  composed  of  a  multitude  of  small  lobules  (lobuli  hepatis) 
about  1  mm.  in  diameter,  and  consisting  of  liver -cells,  blood-vessels,  and  duct-. 

The  liver  is  covered  externally  by  a  serous  coat  derived  from  the  peritoneum, 
i  'onneeting  the  serous  coat  to  the  glandular  substance,  and  also  present  where  the 
serous  coat  is  absent,  is  a  layered  areolar  tissue,  which  is  described  as  the  areolar 
or  nbrous  coat  of  the  organ.  Its  inner  surface  is  connected  with  the  delicate 
areolar  tissue, which  lies  between  the  hepatic  lobules.  On  the  under  surface  of  the 
liver  is  an  opening  into  the  organ  called  the  porta  hepatis.  through  which  pass  the 
portal  vein,  hepatic  artery,  hepatic  duct,  nerves,  and  lymphatic  vessels.  Opposite 
the  porta,  the  fibrous  tissue  is  greatly  increased  in  amount  and  invests  the 
entering  and  issuing  vessels  and  duct,  forming  for  them  a  loose  but  strong  sheath 
of  areolar  tissue,  which  surrounds  all  their  branches  as  they  ramify  through  the 
organ,  becoming  more  and  more  delicate,  until  it  becomes  continuous  with  the 
areolar  tissue  between  the  lobules.  To  this  investment  of  areolar  tissue,  which 
encloses  the  three  vessels  above  mentioned  and  their  branches,  the  name  capsule 
of  Glisson  has  been  applied,  and  the  canals  through  the  liver-substance  which  are 
occupied  by  those  vessels  and  their  '  capsule,'  have  been  termed  portal  canals. 
At  the  back  of  the  liver,  where  there  is  no  serous  coat,  the  areolar  coat  is  also 
considerably  thickened,  and  it  here  invests  the  hepatic  veins  as  they  issue  from  the 
organ  to  open  into  the  vena  cava  inferior.  These  veins  and  their  tributaries  are 
also  invested,  in  their  course  through  the  liver,  by  areolar  tissue  continuous  with 
that  of  the  areolar  coat  ;  but  it  is  verysmal]  in  amount,  and  binds  the  hepatic  veins 
closelv  to  the  glandular  substance,  so  that  in  section  of  these  hepatic  canals 
in  the  dead  liver,  the  vein  always  remains  patent,  whereas  in  section  of  the  portal 
canal-,  the  looseness  of  the  areolar  tissue  investing  them  and  the  large  relative 
amount  of  this  tissue,  allow  the  branches  of  ihe  portal  vein  to  collapse,  and  this 
is  their  usual  condition,  if  empty  of  blood.  Both  the  portal  and  the  hepatic  canals 
conduct  lymphatic  vessels  from  the  liver. 

Form.  Its  shape  is  liable  to  considerable  variations,  but  is  essentially  that 
of  a  right-angled  triangular  prism,  with  the  right  angles  rounded  off.1  If  the  upper 
pari  of  the  abdomen  be  supposed  to  be  occupied  by  a  cuboidal  mass,  divided  into 
two  by  a  cul  passing  from  its  upper  left  edge  to  its  lower  right  one.  the  position 
and  shape  <  if  the  liver  will  be  represented  by  the  upper  and  right  half  of  this  mass,  so 

that  this  organ  presents  live  surfaces  :  namely — anterior,  posterior,  superior,  inferior, 
andrighl  ;  ami  its  out  line  is  triangular  when  viewed  either  from  the  front  or  the  back. 
While  the  anterior  surface  is  nearly  flat  and  lies  approximately  in  a  coronal  plane, 
the  posterior  surface  is  uneven,  and  towards  the  right  presents  a  marked  convexity, 
which  projects  backwards  into  the  hollow  on  that  side  of  the  vertebral  column. 

Physiological  Variations  in  the  Shape  and  Position  of  the  Liver,'  Edinburgh 
i  ss8. 
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Fissures  or  fossae,  and  lobes. — A  deep  fissure  (fossa  sagittalis  sinistra), 
situated  near  the  median  plane,  extends  backwards  on  the  under-surface  (fossa 
vena?  umbilicalis),  and  then  upwards  on  the  posterior  surface  ( fossa  ductus  venosi), 
partly  dividing  the  liver  into  right  and  left  lobes  (lobus  hepatis  dexter  and  lobus  hepat  is 
sinister).  The  anterior  part  of  the  umbilical  fissure  extends  on  to  the  anterior 
surface  of  the  fiver,  and  forms  a  more  or  less  distinct  incisura  umbilicalis.  Above 
this  notch,  the  line  of  demarcation  between  the  right  and  left  lobes  is  indicated  on 
the  anterior  and  upper  surfaces  of  the  liver  merely  by  the  attachment  of  a  fold 
of  peritoneum,  termed  the  falciform  ligament.  Parallel  to  and  on  the  right  side  of 
the  left  sagittal  fossa  are  two  depressions  (fossa?,  sacjittales  dextra?).     The  anterior, 


Fig.  128. — View  of  the  liver  from  the  front.     (J.  Symington.) 
E,  right  lobe  ;    L,  left  lobe  ;    B,  fundus  of  gall-bladder ;    C,  round  ligament  of  liver. 

placed  on  the  under-surface,  is  a  shallow  impression  for  the  lodgment  of  the  gall- 
bladder (fossa  vesica?  fellea?)  ;  the  posterior  forms  a  deep  groove  on  the  posterior 
surface  of  the  liver,  containing  the  inferior  vena  cava  (fossa  vena?  cava?).  At  the 
upper  end  of  this  fossa,  several  large  hepatic  veins  emerge  from  the  liver  to  join 
the  inferior  vena  cava  just  below  the  diajmragm. 

A  deep  fissure  (porta  hepatis)  extends  transversely  between  the  posterior  ends  of 
the  umbilical  fissure  and  the  fossa  for  the  gall-bladder.  It  is  through  this  opening 
that  the  hepatic  artery  and  portal  vein  enter  the  liver,  and  the  hepatic  duct  leaves 
this  organ.  On  the  under-surface  of  the  right  lobe  of  the  liver,  in  front  of  the  portal 
fissure,  is  a  secondary  lobe,  named  lobus  quadratus ;  and  on  the  posterior  aspect, 
behind  this  fissure,  another  lobe,  termed  lobus  caudatus.  They  will  be  described 
in  connexion  with  the  surfaces  of  the  liver. 

Surfaces  and  borders. — Of  the  five  surfaces  of  the  liver,  three — the  anterior, 
superior,  and  right — are  parietal,  being  in  close  contact  with  (he  abdominal  wall; 
one,  the  inferior,  is  visceral,  while  the  posterior,  although  mainly  parietal,  is  partly 
in  close  relation  with  abdominal  organs.  Sonic  of  the  borders  bounding  these 
surfaces  are  thin  and  sharp,  others  thick  and  rounded. 

The  anterior  surface  (fig.  128)  is  frequently  the  largest  of  all  the  surfaces. 
It  is  smooth  and  triangular,  and  united  with  the  upper  and  right  surfaces  by  rounded 
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borders,  bu1  separated  from  the  under-surface  by  a  sharp  border  [margo  anterior), 
which  can  often  be  fell  in  the  living  body.  This  surface  is  formed  by  both  the  right 
ami  left  Lobes,  the  separation  between  which  is  indicated  by  the  umbilical  notch 
and  the  attachment  of  the  falciform  ligament.  To  the  right  of  the  umbilical 
notch,  the  lower  margin  of  this  surface  presents  an  excavation  situated  over  the 
fundus  pf  the  gall-bladder.  The  peritoneum  covers  the  whole  of  the  anterior 
surface,  ezcepl  along  a  narrow  line  between  the  two  layers  of  the  above-named 
ligament. 

The  posterior  surface  (fig.  129)   is  triangular,  very  uneven,  only  partially 

red  by  peritoneum,  and  not  so  distinctly  marked  off  from  the  under-surfaee  as 

is  the  anterior.     It  includes  :  (1)  A  portion  of  the  left  lobe,  which  is  hollowed  out 

for  the  lodgment  of  the  abdominal  portion  of  the  oesophagus  (impressio  cesophagea), 


Fio.  129.— The  liver  of  a  young  subject,  sketched  from  below  and  behind.    One-half  natural  size. 
Id.   drawing  lias  been  made   by  Mr.    Wesley   from  a  cast  prepared  under  the  direction  of  Prof.   His 
"t   Leipzig.) 

/?.£.,  right  lobe;    L.L.,  left  .lobe  :  L.S..  lobus  candatus;   L.  ('..  processus  caudatus  :   L.Q..  lobus  quadratus; 

/,.  porta  hopatis  j    a./.,  umbilical  fossa;  f.cLv.,  fossa  of  the  ductus  venosus  ;  gM.,  gall-bladder ;   v.ci.,  vena 

impn    -urn  on  tin-  under-Burface  of  the  left  lobe  corresponding  to  the  Btomach  :  C,  position 

oi  the  cardia;  t.".,  projection  of  the  posterior  Burface  oi  tin-  left  loin-  against  tin-  lesser  omentum  (tuber 

B  i.e.,  impressio  colioa  j   i.r.,  impressio  renalis  j  i.sr.,  impressio  supra-renalis ;   i.d..  impressio 


dnodenalia  ;    pi, 

■  inn. 


/.-.  /»•.   p*,  bins  of  reflection   of  the   peritoneum;    A'.,  surface   of  the   liver  uncovered  by 


and  the  righl  margin  of  the  oesophageal  opening  in  the  diaphragm.     This  hollow 

gradually  extends  outwards,  to  end  in  the  sharp  posterior  border  of  the  left  lobe 

of  the  liver,  and  is  continuous  l>elow  with  the  under-surface  of  the  left  lobe.     (2)  The 

lobus  eaudatus  [Spigolii],  often  termed  the  Spigelian  lobe,  presents  a  quadrilateral 

surface  looking  backwards  and  Inwards  towards  the  diaphragm,  and  bounded  by 

for  the  inferior  vena  cava  on  the  right  side  and  the  fossa  of  the  ductus 

isus  on  the  left;     This  lobe  possesses  another  surface  of  about  the  same  size, 

looking  forwards  and  to  t  he  left,  which  is  concealed  in  the  fossa  of  the  ductus  venosus, 

and  Lies  against  the  right  oi  posterior  layer  of  the  lesser  omentum,  where  this  fold  lies 

in  thi  <  i  t  he  du<  tus  venosus  (see  fig.  130).  The  upper  border  of  the  caudate  lobe 

:    to  1 1 1  e  top  of  the  superior  recess  of  the  omental  bursa  ;  the  lower  is  divided 
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by  a  shallow  notch  into  two  parts  :  a  left,  termed  the  processus  papillaris,  on  account 
of  its  shape  ;  and  a  right,  the  processus  caudatus,  which  forms  a  ridge  passing  to  the 
right  between  the  portal  fissure  and  the  inferior  vena  cava,  and  becoming  lost  on 
the  under-surface  of  the  right  lobe.  The  caudate  lobe  is  opposite  the  tenth,  eleventh, 
and  twelfth  thoracic  vertebra",  and  rests  against  the  diaphragm,  the  two  opposing 
surfaces  being  covered  by  peritoneum  belonging  to  the  omental  sac.  (3)  To  the 
right  of  the  fossa  for  the  inferior  vena  cava,  is  a  large  area,  convex,  except  for  a 
small  depression  at  its  lower  and  median  corner,  which  receives  the  right  supra- 
renal gland  (impressio  suprarenalis,i.sr.).  In  consecmence  of  the  separation  of  the 
layers  of  the  coronary  ligament,  this  surface  of  the  right  lobe  (fig.  129,  X)  is  not 
covered  by  peritoneum,  except  at  its  right  extremity.  It  rests  against  the  ascending 
part  of  the  diaphragm,  and  superiorly  passes  gradually  into  the  upper  surface. 
Inf  eriorly,  it  is  separated  by  a  sharp  margin  from  the  renal  impression  on  the  under- 
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130. — Horizontal  section  of  the  abdomen  of  a  man,  aged  fifty  years,  at  the  level  of  the 
twelfth  thoracic  vertebka.     One-third  natural  size.     (P.  T.  Crymble.) 

The   distended   stomach   has   pushed  the   left  lobe  of  the  liver    over   towards   the  right   side.      Lob. 
Spigelius  =  lobus  caudatus  [SpigeliiJ. 

surface.  This  margin  is  sloped  obliquely  downwards  and  outwards,  following 
the  line  of  the  eleventh  and  twelfth  ribs.  The  median  border  often  projects  over 
the  inferior  vena  cava. 

The  upper-surface  of  the  organ  is  smooth,  covered  by  peritoneum,  and  exactly 
moulded  to  the  under-surface  of  the  diaphragm.  Near  the  median  plane,  it  gives 
attachment  to  the  falciform  ligament.  It  has  two  rounded  convex  portions, separated 
by  a  shallow  concavity  {impressio  cardiaca),  corresponding  to  the  situation  of  the 
heart.     The  right  convexity  is  much  larger  and  more  prominent  than  the  left  one. 

The  under-surface  is  concave,  uneven,  and  looks  downwards,  backwards,  and 
to  the  left.  It  is  invested  with  peritoneum  everywhere,  except  where  the  gall- 
bladder (fig.  129,  g.bl.)  is  adherent  to  it,  and  at  the  porta  (/<).  where  the  fold  of 
peritoneum,  termed  the  lesser  omentum,  which  encloses  the  blood-vessels  and  dints 
of  the  viscus,  comes  off,  and  passes  to  the  smaller  curvature  of  the  stomach.  The 
under-surface  of  the  left  lobe  (i.g.)  is  moulded  over  the  subjacenl  cardiac  pari  of  the 
stomach,  and  over  that  part  of  the  anterior  surface  of  the  stomach  which  is  next  to 
the  lesser  curvature,  and  it  has  a  rounded  prominence  termed  the  tuber  omentale, 


L36 


DIGESTIVE  SYS1  EM 


which  testa  againsl  the  lesser  omentum.  Occasionally — especially  when  the  stomach 
is  empty    the  left  pari  < «f  this  Burface  lies  againsl  the  spleen. 

The  onder-surface  of  the  right  lobe  may  be  regarded  as  divided  by  the  fossa 
which  Lodges  the  gall-bladder  [fossa  vesicae  f elk  ct).  into  two  unequal  portions.  Of 
these,  the  lateral  is  by  far  the  larger,  and  is  mainly  occupied  by  two  large  shallow 
concave  impressions  :  one.  situated  anteriorlv .  being  produced  by  1  he  hepatic  flexure 
df  the  colon  (impressiocoliKi.  i.e.);  the  other,  and  posterior  one,  being  caused  by  the 
righl  kidney  [imprest"  ,-<  nulis,  /./.).  These  two  impressions  are  separated  from 
one  another  by  a  low  ridge  At  the  median  border  of  the  renal  impression,  is  a  third 
narrow  and  but  slightly  marked  impression,  corresponding  to  the  descending  pari 
.if  the  duodenum  [impressio  duodenalis,  /.</.). 

The  median  of  the  two  parts,  into  which  the  fossa  of  the  gall-bladder  subdivides 
the  under-surfaee  df  the  right  lobe,  is  somewhat  rectangular  and  oblong,  having  the 


PlO,    131.-     COBONAI  SECTION   nK  PAST  OF  THORAX   AND   ABDOMEN  OF  FEMALE  CHILD.   AGED   ONE   YEAR   AND 

TEN   MONTHS,   viewed  FROM  THE  FRONT.      (J.  Symington.) 

The  III.-- 1-  in  the  infant  is  relatively  larger  thin  in  the  adult  and  extends  farther  to  the  left. 

I:. I...  right  lung;    L.L..  left  long;    K.A..  righl  auricle  of  heart;    R.V.,  right    ventricle,  distended   with 
tion  ;  S,  stomach,  erapti  and  contracted ;  I',  pylorus,  situated  in  the  median  plane  just  beneath  the  fossa 
rena   umbilicalis  of  liver;  I),  first  part  of  duodenum  in  contact  with  quadrate  lobe  of  liver;  (i.B..  gall-bladder, 
which  was  lull  of  bile. 


antero-posterior  diameter  greater  than  the  transverse  ;  it  is  known  as  the  quadrate 
lobe  [L.Q.).     It  is  immediately  over  the  pyloric  end  of  the  stomach  and  the  com- 

mencemenl  of  the  duodenum,  and.  when  these  are  distended,  they  impress  upon  the 
surface  of  the  quadrate  lobe  a  slight  concavity.  It  is  bounded  on  the  left  by  the 
umbilical  fissure,  and  behind  by  the  porta  hepatis. 

The  rig-lit  surface  is  convex  from  before  backwards,  and  often  slightly 
convex  from  above  downwards.  It  unites  with  the  upper,  anterior,  and  posterior 
surfaces  by  rounded  borders,  but  is  separated  below  from  the  inferior  surface  by 
arp  ed 

Position.  —By  far  the  greater  part  of  the  liver  is  situated  to  the  right  of  the 
median  plane.  According  to  Cunningham's  divisions  (see  p.  75)  of  the  abdomen, 
it  occupies  the  right   bypochondrium  and  the  epigastric  regions,  extending  also 
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frequently  into  the  left  hypochondriac  and  right  lumbar ;  but  under  Addison's 
scheme  (see  p.  80)  of  delimitation  of  the  abdomen,  it  also  lies  in  the  right  umbilical 
region.     The  anterior  and  right  surfaces,  in  almost  the  whole  of  their  extent,  are 
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Fig.  132. — Sagittal  section  of  the  trunk  of  a  man.  aged  forty  years,  made  in  the  line  of  the 

RIGHT   NIPPLE,    VIEWED    FROM   THE   MEDIAN   ASPECT.       One-third  natural   Size.       (J.   S.    Dickey.) 

The  section  passed  about  10  cm.  to  the  right  of  the  median  plane  and  divided  the   liver  '-  •">   cm.    median 
to  the  must  prominent  part  of  its  right  surface. 

separated  from  the  surface  of  the  body  by  the  lower  ribs  and  costal  cartilages,  but 
in  the  subcostal  angle,  a  small  part  of  the  anterior  surface  lies  directly  behind  the 
abdominal  wall.     The  right  surface  is  protected  by  the  seventh  to  the  eleventh  ribs. 
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and  the  anterior  surface  by  the  fifth,  sixth,  seventh,  eighth,  and  ninth  costal  cartilages, 
with  the  anterior  parts  of  the  corresponding  ribs,  and  by  the  ensiform  cartilage — 
the  diaphragm,  of  course,  being  interposed.  Above,  the  liver  isa<  curately  adapted 
to  the  vault  of  the  diaphragm,  and  the  righl  lobe  reaches  higher  beneath  the  ribs 
than  the  left,  corresponding  thus  with  the  more  elevated  position  of  the  diaphragm 
on  the  righl  side. 

The  upper  limit  of  the  liver  may  be  indicated  on  the  anterior  wall  of  the  chest 
by  a  line  which  crosses  the  median  plane  at  the  lower  end  of  the  body  of  the  sternum. 
<  >n  the  righl  side,  this  line  must  lie  extended  outwards  and  slightly  upwards,  so 
that  in  the  mammary  line  it  is  near  the  upper  edge  of  the  fifth  rib,  from  which 
point  it  descends  to  join  the  righl  lateral  surface.  On  the  left  side,  the  line  passes 
nearly  horizontally  out  wards,  being  slightly  overlapped  by  the  heart.  The  lower 
limit  of  the  anterior  surface  on  the  right  side  practically  coincides  with  the  lower 
edge  of  the  thoracic  wall,  as  far  inwards  as  the  tip  of  the  ninth  costal  cartilage. 
AKoin  tin-  point,  the  line  representing  its  lower  edge  passes  upwards  and  to  the 
left,  to  ne. u  the  tip  of  the  left  eighth  costal  cartilage.  It  is  then  continued  in  the 
-Hue  direction  across  the  left  costal  cartilages,  to  meet  the  left  end  of  the  upper 
limit  at  an  acute  angle. 

The  posterior  Burface  of  the  right  lobe  of  the  liver  lies  in  front  of  the  ninth  to 
the  twelfth  ribs,bu1  it  is  separated  from  the  chest  wall  not  only  by  the  diaphragm. 
I'lit  also  by  the  right  lung  above  and  the  right  kidney  below.  Where  the  liver 
i  rosses  the  median  plane,  it  is  usually  at  the  level  of  the  tenth,  eleventh,  and 
twelfth  thoracic,  and  the  first  lumbar  vertebrae. 

The  right  surface  of  the  liver  extends  in  the  mid-axillary  line  from  the  seventh 
rib  to  the  lower  edge  of  the  thoracic  wall. 

The  situation  of  the  liver  is  modified  by  the  position  of  the  body,  and  also  by 
the  movements  of  respiration.  Thus,  in  the  upright  or  sitting  position,  it  descends 
to  just  below  the  lateral  margin  of  the  thorax  ;  but  in  the  recumbent  posture,  ascends 
half  an  inch  or  an  inch  higher  up,  and  is  entirely  covered  by  the  ribs,  except  a 
-mall  portion  opposite  the  sub-costal  angle.  During  a  deep  inspiration,  the  liver 
also  descends  below  the  ribs — even  in  the  recumbent  posture — and  in  expiration 
retire,  up  behind  them.  In  females,  it  is  often  permanently  forced  downwards 
below  the  costal  cartilages,  owing  to  the  use  of  tight  stays  ;  sometimes  it  reaches 
nearly  as  low  as  the  crest  of  the  ilium,  and  in  many  such  cases  its  convex  surface 
is  indented  from  the  pressure  of  the  ribs. 

The  position  of  the  liver  is  also  affected  by  the  condition  of  its  neighbouring 
oil'. i ns.  Thus,  when  the  intestines  are  distended  and  the  abdomen  prominent, 
the  liver  is  pushed  upwards,  and  its  vertical  extent  diminished,  while  when  these 
are  empty  and  the  abdominal  wall  retracted,  the  liver  is  compressed  from  before 
backwards,  and  the  inferior  surface  is  nearly  in  the  same  plane  as  the  posterior. 
Again,  with  the  distension  of  the  stomach,  the  left  lobe  of  the  liver  is  pushed  over 
towards  the  righl  side. 

Li  _  .1  mints  and  omentum. — The  ligaments  of  the  liver  are,  with  one  excep- 
tion,  Bimply  reflexions  of  the  peritoneum  from  the  liver  to  adjacent  structures.  The 
falciform  ligament  connects  the  liver  with  the  ventral  wall  of  the  abdomen  and  with 
the  diaphragm.  It  forms  a  thin  but  extensive  mem  Inane,  composed  of  two  adherent 
layersof  peritoneum,  and  extends  from  1  he  under  surface  of  the  diaphragm,  and  from 
anterior  abdominal  wall  as  far  down  as  the  umbilicus,  to  the  upper  and  anterior 
surfaces  of  the  liver,  and  to  the  fossa  of  the  umbilical  vein  on  the  under-surface.  In 
addition  to  these  attached  border-,  it   presents  a  free  margin,  in  the  fold  of  which  is 

lated  tin'  round  ligament  of  the  liver  or  obliterated  umbilical  vein.  The  length 
of  the  fal<  iform  ligament  is  such  that  it  permits  of  a  considerable  lateral  movement 
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of  the  anterior  surface  of  the  liver.  The  coronary  ligament  consists  of  two  reflex  ions 
or  folds  of  peritoneum,  passing  directly  from  the  liver  to  the  diaphragm,  and  bounding 
a  large  area  on  the  posterior  surface  uncovered  by  peritoneum.  The  upper  fold  is 
continuous  with  the  right  layer  of  the  falciform  ligament,  and  passes  outwards 
in  front  of  the  inferior  vena  cava,  as  this  vessel  emerges  from  the  liver  to  pierce  the 
diaphragm.  It  then  inclines  outwards  and  downwards  on  the  posterior  surface,  to 
end  in  the  small  right  triangular  ligament  of  the  liver.  The  lower  fold  passes  in- 
wards from  this  ligament,  crossing  the  liver  near  the  upper  end  of  the  renal  impression 
and  the  lower  part  of  the  supra-renal  impression,  then  goes  in  front  of  the  inferior 
vena  cava  near  the  point  where  the  vein  joins  the  liver.  From  this  level,  it  ascends 
on  the  median  side  of  the  inferior  vena  cava,  and  turns  to  the  left  to  form  the  upper 
boundary  of  the  superior  recess  of  the  omental  sac  (fig.  129).  The  left  hepatic  vein 
pierces  the  surface  uncovered  by  peritoneum  between  the  top  of  this  recess  and 
the  superior  layer  of  the  coronary  ligament. 

The  area  bounded  by  the  layers  of  the  coronary  ligament  is  the  most  fixed 
part  of  the  liver,  as  the  space  to  the  right  of  the  inferior  vena  cava  is  united 
by  connective  tissue  directly  to  the  diaphragm,  while  at  the  fossa  venaa  cava?,  the 
hepatic  veins  join  the  inferior  vena  cava  immediately  on  leaving  the  liver.  The 
left  layer  of  the  falciform  ligament  passes  towards  the  left  side,  where  it  becomes 
continuous  with  the  left  triangular  ligament.  This  ligament  is  attached  to  the 
1  diaphragm  in  front  of  the  oesophageal  opening  and  to  the  posterior  part  of  the 
superior  surface  of  the  left  lobe  of  the  liver.  It  is  a  long  loose  fold,  and  allows 
a  considerable  movement  of  this  part  of  the  liver. 

In  addition  to  the  folds  called  ligaments,  the  liver  gives  attachment  to  two 
layers  of  peritoneum,  which  pass  between  the  liver  and  stomach,  and  form  the 
lesser  omentum.  This  is  attached  to  the  liver  at  the  porta  and  the  fossa  ductus 
venosi,  and  near  its  right  free  border  encloses  between  its  two  layers  the  bile-duct, 
portal  vein,  hepatic  artery,  lymphatics,  and  nerves. 

Although  a  number  of  the  peritoneal  folds  of  the  liver  are  called  ligaments, 
they  are  of  little  use  in  maintaining  the  liver  in  position  ;  indeed,  the  peritoneal 
relations  are  such  as  to  facilitate  rather  than  to  obstruct  its  movements.  The  liver 
is  kept  in  position  mainly  by  atmospheric  pressure  and  surface  tension,  its  convex 
aspect  being  moulded  to  the  diaphragm  like  the  opposing  surfaces  of  a  ball-and- 
socket  joint.  The  tonicity  of  the  muscular  wall  of  the  abdomen  supports  it  below, 
while  its  connexion  with  the  inferior  vena  cava,  posteriorly,  is  an  important  factor 
in  preventing  its  displacement. 

MORPHOLOGY  OF  THE  LOBES,  FISSURES,  AND  PERITONEAL  FOLDS  OF  THE  LIVER. 

The  plan  generally  adopted  of  dividing  the  liver  into  two  princij:>al  lobes- — right  and  left — is 
a  convenient  and  practical  one ;  but  the  data  derived  from  a  study  of  its  comparative  anatomy 
and  development  indicate  that  these  two  lobes  do  not  represent  the  right  and  left  halves  of 
this  organ. 

We  have  already  seen  that  the  falciform  ligament  and  part  of  the  lesser  omentum  are  attached 
to  the  liver  between  the  right  and  the  left  lobes.  This  ligament  and  omentum  are  derived  from 
the  ventral  meso-gastrium  which,  in  an  early  stage  of  development,  connects  the  stomach  with 
the  ventral  wall  of  the  abdomen.  As  the  liver-bud  grows  into  the  meso-gastrium,  it  gradually 
divides  it  into  a  ventral  portion — the  falciform  ligament — connecting  the  liver  with  the  abdo- 
minal wall,  and  a  dorsal  part — the  lesser  omentum — uniting  the  liver  and  the  stomach.  It  might 
be  supposed  that  the  attachment  of  these  two  folds  to  the  liver  would  indicate  the  line  of  union 
of  the  right  and  left  halves  of  the  liver ;  but  it  must  be  remembered  that  in  the  embryo,  the  liver 
has  a  much  more  extensive  attachment  to  the  abdominal  wall  than  in  the  later  months  of  fetal 
development,  and  that  the  place  where  the  connexion  persists  is  largely  determined  by  the 
umbilical  veins.  Of  the  two  umbilical  veins  originally  present,  the  right  disappears  at  an  early 
stage,  so  that  it  is  the  left  vein  that  comes  to  lie  in  the  falciform  ligament,  and  Hi''  ductus  venosus 
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i>  an  offshoot  from  1 1 1 L -~  vein.  It  La  evident,  therefore,  thai  the  dividing-line  between  the  two 
ii  il\  -es  of  the  liver  Bhould  b  ■  Looked  for  to  the  rii_' lit  of  the  umbilical  fissure  ;  bo  thai  •  lantlie'a 
contention  l  that  this  line  passes  from  the  fundus  of  the  gall-bladder,  backwards,  to  the  entrance 
of  the  hepatic  reins  iut<>  the  inferior  vena  cava,  is  reasonable. 

Etolleston,  Owen,  Flower,  and  other  comparative  anatomists  made  more  or  less  successful 
efforts,  by  an  examination  of  the  external  form  of  the  liver,  to  determine  the  typical  number 
and  position  of  the  Lobes  of  the  liver  and  to  ascertain  the  pecularities  of  the  human  livei 
>mpared  with  the  mammalian  type.  Rex3  introduced  a  new  and  very  valuable  method  of 
determining  lobar  homology  when  he  invest iL'ated  the  mode  of  distribution  of  the  branches  of 
the  portal  rein  within  the  liver,  and  much  new  lifiht  has  In-en  thrown  upon  the  question  by  the 
embrj  ological  researches  of  Mall.3  Charnock  Bradley.'  and  many  others.  The  typical  mammalian 
liver  consists  of  three  lobes  a  central,  and  a  right  and  a  left  lateral.  The  central  lobe  maj  bi 
divided  into  a  right  and  a  left,  and  each  lateral  lobe  may  have  attached  to  it  an  additional  lobe — 
omental  or  Spigelian  on  the  left  side, and  caudate  on  the  right.  According  to  Rex,  the  two  main 
divisions  of  the  portal  vein  give  off  branches  for  the  supply  of  these  lobes,  as  is  seen  from  the 
following  table  taken  from  Charnock  Bradley's  paper: — 

Lobes.  1>k\m  iif.s  of  Portal  Vein. 

Caudate Ramus  descendens. 

Right   lateral      .      .      .      Ramus  arcuatus. 

j..  ,.  ,  |  Ramus  eysticus. 

I  Right  arborisation  from  the  reccssus  umbilicalis. 
Left  central   ....     Left  arborisation  from  the  recessus  umbilicalis. 
I.' ft  lateral    ....     Ramus  angularis. 
Omental  lobe      .      .      .      Ramus  omentalis. 

\  ording  to  Brachel , '  the  liver  of  the  rabbit  embryo,  twelve  days  old,  consists  of  three  lobes; 
a  ventral,  and  right  and  left  lateral.  The  former  is  developed  in  association  with  the  umbilical 
veins,  and  the  latter  with  the  omphalo-mesenteric  veins.  .Mall  and  Charnock  Bradley  have 
also  slunvn  the  intimate  relation  which  exists,  in  the  developing  human  and  pig's  liver,  between 
the  number  of  lobes  and  the  branches  of  the  blood-vessels. 

Great  variation  exists,  even  in  mammals  belonging  to  the  same  order,  with  regard  to  the 
extent  to  which  the  liver  is  subdivided  by  true  lobar  fissures,  and  no  satisfactory  explanation  has 
y<  t  been  given  of  these  fact -. 

The  human  liver  belongs  to  the  type  in  which  the  lobes  are  feebly  marked  :  indeed,  the  only 
two  that  can  definitely  be  recognised  are  the  Spigelian  and  the  caudate.  The  Spigelian  (caudate 
of  B.N.A.)  is  fairly  distinct ;  but  the  caudate  is  so  small  that  in  the  B.X.A.  it  is  named  the  caudate 
process.  These  two  lobes  are  better  marked  in  the  fetus  than  in  the  adult.6  Fissures  and 
ies  are  occasionally  met  with  in  the  human  liver,  which  may  represent  permanent  markings 
in  certain  of  the  primates.  Thus  Ruge  "  has  described  a  /</<«•<  satis  pyramidalia  in  various  primates, 
which  projects  from  the  left  lobe  near  the  umbilical  fissure,  and  Thompson  and  Taylor"  found 
casionally  present  in  man. 

Blood-vessels,  lymphatics,  and  nerves. — The  two  vessels  by  which  the 
liver  is  supplied  with  blood  are  the  hepatic  artery  and  the  portalvcin.  The  hepatic 
artery-  a  branch  of  the  cceliac  artery — is  small  in  comparison  with  the  organ  to 
which  it  is  distributed.  It  enters  the  porta,  and  there  divides  into  right  and  left 
branches,  which  divide  and  subdivide  in  the  portal  canals.  It  is  distributed  to 
the  connective  tissue  of  the  liver,  to  the  coats  of  the  hepatic  duets,  and  portal  veins  ; 
and  some  of  its  branches  assist  in  the  formation  of  the  interlobular  plexus,  situated 
•  i-h  t lie  hepatic  lobules. 

'  *  >H    .1    Nov    Arrangement   of   the  Bight   and   Left     Lobes  of    the  Liver,'  Jour.  Anat.  and   Phys., 
vol.  \wii.,   1898. 

*B    •  Morphologie  di  l  Saugi  rleber,1  iior\ih.  Jahrhurh.  B<1 .  xiv.,  1H8S. 

'  A  siu.lv  ..i  tl  pall  mi  ol  the  Liver,'  Amtr.  .I»ur.  Aunt..  voL  v..  1906. 

I  Contribution  to  the  Morphology  and  Development  of  the  Mammalian  Liver,'  Jour.  Anat.  and  Phys., 
vol.  xviii.  I'.io'.i. 

L   di  veloppement  du  diaphragmc  et  du  foie  chez  le  lapin,'  Jour,  de  V Anal,  et  de  la 

\-   [homaon,  'The  Morphological  Significance  of  Certain  Fissures  in  the  Human  Liver.'  Jour.  Anat. 
and  Phys.,  v.. I.  wxiii.,  L899. 

Formerhaltnisse  del  Lebei  beidei  Primaten,'  Morph.  Jahrbueh.,  Bd.  xxix. 
1  I'hys.,  vol.  xxxix.  ;    Proc.  Anat.  Soc.,  Mav  1905. 
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By  fur  the  greater  part  of  the  blood  which  passes  through  the  liver — and  in  this 
respect  it  differs  from  all  other  organs  of  the  human  body — is  conveyed  to  it  by  a 
large  vein,  the  portal  vein  or  vena  portse  (fig.  137).  This  vein  is  formed  by  the 
■onion  of  the  veins  of  the  stomach,  intestines,  pancreas,  and  spleen.  It  enters  the 
porta,  and,  like  the  hepatic  artery,  there  divides  into  two  principal  branches, 
which  subdivide  in  the  portal  canals  and  end  in  the  interlobular  plexuses.  As  the 
branches  ramify  in  the  liver,  they  do  not 
anastomose  with  one  another  and  do  not 
come  to  the  surface  of  the  organ  (Mall). 
The  vessels  forming  the  interlobular  plexuses 
pass  into  the  lobules  of  the  liver,  and  form 
between  the  rows  of  liver-cells  intralobular 
plexuses  (see  figs.  137  and  138),  which  join 
intralobular  veins  in  the  centre  of  the 
lobules.  pi"K 


* 


Fig.  133. — Sketch  of  a  portion  of  the 
under-svrface  of  the  liver.  showing 
the  arrangement  of  the  vessels  in  the 
portal  fissure.     (G.  D.  Thane.) 

a,  hepatic  artery  ;  /».  portal  vein  ;  </, 
common  bile-duct;  g.  hi.,  gall-bladder  ;  p3,  /<'. 
lines  of  reflection  of  the  peritoneum. 


Rex  '  showed  that  the  left  main  branch  of  the 
portal  vein  is  riot  distributed  solely  to  the  left 
lobe  of  the  liver,  but  that  it  also  supplies  certain 
parts  of  the  right  lobe.  He  further  demonstrated 
that  the  right  and  left  main  branches  give  off 
secondary  ones,  which  supply  areas  corresponding 
to  the  typical  lobes  of  the  liver. 

The  hepatic  veins  (fig.  135),  which 
convey  the  blood  away  from  the  liver, 
arise  as  the  central  veins  of  the  lobules  ;  these  join  sublobular  veins,  which  unite 
to  form  the  hepatic  veins.  The  hepatic  veins  end  by  two  or  three  principal  trunks, 
besides  a  number  of  smaller  ones,  in  the  vena  cava  inferior.     In  the  liver,  these 

veins  pursue  an  entirely  different  course 
from  the  other  vessels.  The  hepatic  veins 
sometimes  anastomose  with  one  another,  and 
often  come  to  the  surface  of  the  liver  (Mall). 
The  lymphatics  of  the  liver,  large  and 
numerous,  form  a  superficial  and  a  deep  set. 

The  superficial  set  forms  a  rich  sub- 
peritoneal plexus.  Some  of  those  on  the 
upper  surface  join,  through  the  suspensory 
ligament  and  diaphragm,  the  sternal  glands, 
and  others  pass  between  the  layers  of  the 
coronary  ligament  and  through  the  inferior 
vena  caval  opening  of  the  diaphragm  to 
the  anterior  mediastinal  elands.  From  the 
uuder-surface  of  the  liver,  vessels  pass  to 
various  groups  of  glands  associated  with 
neighbouring  viscera — such  as  the  pancreas 
and  stomach.  The  deep  lymphatics  run 
mainly  in  the  portal  canals  and  in  the  lesser 
omentum,  with  the  portal  vein  and  hepatic 
artery,  and  end  in  glands  (hepatic)  situated  along  the  course  of  the  hepatic, 
cystic,  and  gastro- duodenal  arteries,  and  towards  the  left  side  in  the  cardiac  and 
pancrtatico-lienal  groups  of  glands.  Some  deep  lymphatic  vessels  arise  around 
the  sublobular  veins  and  leave  the  liver  with  the  hepatic  veins. 


Pig.  134     Section  of  a  portal  canal. 
Magnified.     (E.  A.  Schaefer.) 

a,  branch  of  hepatic  artery  ;  v,  branch  of 
portal  vein  ;  (/,  hepatic  duct;  /,  I,  lymphatics 
in  the  areolar  tissue  of  Glisson's  capsule 
which  encloses  the  vessels. 


i  '  Beitriige  zur  Morphologie  der  Saugerleber,'  Murph.  Jahrbuch.,  Bd.  siv.,  1888. 
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135.       SB!    CIOH    "l        V     PORTION'     01      LIVER    PASSING 
I  "M.ITrDLNALLY  THROUGH   A  CONSIDERABLE  HEPATIC 

vein,  from  the  pig.     About  five  diameters. 
i  Kiernan.) 

ii,  hepatic  venous  trunk,  against  which  the  sides  of  the 

lobules  are  applied  :  h.  ii.  h.  tlnvc  sublobular  hepatic  veins. 

on  which  the  bases  of  the  lobules  rest,  and  through  the 
coats  of  which  they  are  seen  as  polygonal  figures  :  i,  mouth 
oi  the  intralobular  reins,  opening  into  the  sublobular 
reins;  /',  intralobular  veins  shown  passing  up  the  centre 
of  some  divided  lobules;  c,  c.  walls  of  the  hepatic 
venous  canal,  with  tip-  polygonal  bases  of  the  lobules. 


d  a 

Fig.  136.  —  Longitudinal  section  of  a 
portal  canal  ;  containing  a  portal 
vein.  hepatic  artery,  and  hepatic 
DUCT,  FROM  the  pig  About  five 
diameters.     (Kiernan.) 

p.  branch  of  vena  porta?,  situated  in  a 
portal  canal,  formed  amongst  the  lobules  oi 
the  liver  ;  p.  /;.  larger  branches  of  portal  vein, 
ji\ih_:  olf  smaller  ones  named  interlobular 
veins;  there  are  also  seen  within  the  large 
portal  vein  numerous  orifices  of  interlobular 
veins  arising  directly  from  it ;  (7.  hepatic 
arterj  ;  d,  biliary  duet ;  ate, c,  the  venous  wall 
has  been  partially  removed. 


Vir..    137.-   '  rlOH    "I    A    LOBULE  01    Till.   HI  HAD    LIVER,   IN   WHICH   THE  CAPILLARY  NETWORK   BETWEEN 

the  pobtaj    urn  bepatk    veins  has  been  rn.i  \    injected,     Sixty  diameters.    (Sappey.) 

1,  section  of  the  inta  ilobulai  ntral  vein;   2,  its  smaller  branches  collecting  blood  from  the  capillary 

rk;    3,  interlobular  or  peripheric  branches  of  the  vena  porta1  with  their  smaller  ramifications  passing 
inwards  toward  Uary  network  in  the  -uhstaiiec  of  the  lobule. 
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The  nerves  are  derived  partly  from  the  coeliac  plexus,  and  partly  from  the 
vagi  nerves — especially  from  the  left  vagus.  They  enter  the  liver,  supported  by 
the  hepatic  artery  and  its  branches,  along  with  which  they  may  be  traced  in  the 
portal  canals.  The  sensory  nerves  of  the  liver  are  probably  derived  from  the 
seventh,  eighth,  ninth,  and  tenth  thoracic  spinal  nerves. 

Dimensions  and  weigrht. — The  greatest  vertical  extent  of  the  liver  is  near  its 
right  surface,  where  it  measures,  on  an  average,  from  14  cm.  to  17  cm.  This  diameter 
gradually  diminishes  from  right  to  left,  the  organ  ending  on  the  left  side  in  a  thin 


Fig.  138. — Section  of  a  liver-lobule  with  the  blood-vessels  and  ducts  injected.     (Cadiat.) 

b,  b.  interlobular  veins  ;  a.  intralobular  vein  ;  c,  interlobular  bile-duets,  with  which  the  bile  analiculi, 
or  ductus  biliferi,  from  the  lobule  are  connected.  The  biliferous  ducts  have  only  become  injected  in  the 
peripheral  parts  of  the  lobule. 


sharp  border.  Its  greatest  transverse  diameter  is  usually  several  centimetres 
more  than  the  corresponding  vertical  one,  but  is  sometimes  less.  The  antero- 
posterior diameter  is  greatest  on.  the  right  side  of  the  vertebral  column,  and  just 
above  the  right  kidney  ;  here  it  measures  from  12  cm.  to  15  an.  In  front  of  the 
vertebral  column  its  antero-posterior  extent  is  considerably  reduced,  being  in  the 
median  plane  only  about  8  cm.  to  10  cm.  The  ordinary  volume  of  the  liver  is 
about  1500  c.c,  and  its  average  weight  1550  gnus.  According  to  the  facts  recorded 
by  Reid,  the  liver  weighed,  in  forty -three  cases  out  of  eighty -two,  between  48  and 
58  ounces,  in  the  adult  male  ;  and,  in  seventeen  cases  out  of  thirty-six,  between 
40  and  50  ounces,  in  the  adult  female.     It  is  generally  estimated  to   he  equal 
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to  about  one  thirty-sixth  of  the  weight  oi  the  whole  body;  but  in  the  fetus, 
.ii.d  in  early  life,  its  proportionate  weight  is  greater.    Thus  at   birth  it   is  about 
eighteenth  <>f  the  body-weight. 

Vierordt   [Anttiom.   Daten   ».   TabeUen)  gives  the  following  approximate  numbers  for  tho 
adult:   Weight,  male  1579  grms.,  female  1526  grms.  j   volume,   ITl'u  c.o. ;    length,  320  mm.; 
I  .1  diameter,  200  mm. 

The  specific  gravity  of  the  liver  is  bet  ween  I/O.}  and  TOG  ;  in  fatty  defeneration 
this  is  reduced  to  L "03,  or  even  less. 

Liver  in  the  infant.     The  liver  is   relatively  much  larger  in  the  new-born 

child  than  in  the  adult.  Indeed,  at  birth,  it  occupies  nearly  one-half  of  the 
abdominal  cavity.  The  left  lobe,  as  compared  with  the  right,  is  distinctly  larger 
than  in  the  adult,  and  often  reaches  to  the  left,  so  as  to  come  in  contact  with 
the  lateral  wall  of  the  abdomen  on  that  side,  presenting  in  this  position  a  distinct 
let t  surface.  In  such  cases,  Ballantyno  i  describes  the  anterior  surface  as  being 
more  nearly  quadrilateral  than  triangular.  According  to  this  authority,  the 
anterior  sin  Ea»  e  of  the  liver  in  the  new-horn  infant  corresponds  in  its  vertical  extent 
in  the  median  plane  with  the  last  four  thoracic  and  upper  two  lumbar  vertebra?, 
and  its  lower  border  is  within  2  cm.  of  the  umbilicus.  Its  vertical  extent  increases 
from  left  to  right,  the  lower  edge  of  the  righl  surface  coming  within  1  cm.  or  I "5  cm. 
of  the  right  iliac  ere-' . 

Varieties. — The  liver  is  not  subject  to  great  or  frequent  deviation  from  its  ordinary  term 
and  relations.  It  has  been  found  without  any  division  into  lobes.  On  the  other  hand, 
Scemmerring  has  recorded  a  case  in  which  the  adult  liver  was  divided  into  twelve  lobes,  and 
similar  cases  of  subdivided  liver  (resembling  that  of  some  animals)  have  been  now  and  then 
observed  by  others.  A  detached  portion,  forming  a  sort  of  accessory  liver,  is  occasionally  found 
appended  to  the  1.  ft  extremity  of  the  gland  by  a  fold  of  peritoneum  containing  blood-ve--el-. 
1.  Broman  (Normali  ""</  abnormait  Entwickdung  des  Menschen,  1911)  mentions  two  additional 
lobes  which    may  occur,   and  which   he    regards   as  atavistic — namely:    the    lobus    'posterior, 

■  tiic  thruu'_rh  the  hiatus  bursas  omenti  ma j oris,  so  as  to  lie  behind  the  stomach:  and  the 
lobus  vena  cavai,  projecting  downwards  along  the  com-    of  the  inferior  vena  ca\a. 

Thv  fosxa  mia  umbiliccttis  is  often  bridged  over  by  a  piece  of  liver  substance-,  called  the  pons 
bis.  It  unites  the  quadrate  and  left  lobes,  and  varies  considerably  in  size.  The  upper 
surface  sometimes  shows  longitudinal  furrows,  which  are  occupied,  when  the  organ  is  171  situ, 
by  folil-  of  the  diaphragm.  J.  Buy  ('  Les  sillons  diaphragmatique  On  foie,!  Bibliog. 
Aunt.,  t.  xiii..  l!"i|)  discusses  fully  the  position,  number,  relation  to  diaphragm,  &c,  of 
these  furrows  and  the  various  theories  that  have  been  advanced  to  account  for  their  presence. 
lb-  Supports  the  view  thai  they  are  due  to  lateral  compression  of  the  thorax. 

Various  cases  have  been  described  of  unusual  mobility  of  the  liver  in  women  with  flaccid 
and  often  pendulous  abdominal  walls  (sec  Landau,  I)ii  Wanderleber  und  der  Hangebauch  der 
Fratien,  1888). 

Bile-passages  and  grall-bladder. — The  bile,  secreted  by  the  liver-cells, 
es  into  minute  channels  between  them,  termed  the  ductus  biliferi.  and  at  the 
periphery  of  the  hepatic  lobules  these  ducts  end  in  the  interlobular  hepatic 
ducts  (fig.  138),  and  from  these  arise  the  hepatic  ducts  traversing  the  portal 
along  with  the  branches  of  the  portal  vein  and  hepatic  artery,  and, 
Dually,  uniting  at  the  porta  of  the  liver  into  a  right  and  a  left  branch.  Outside 
the  liver,  the  bile-passages  consist  of  the  hepatic  duct,  the  cystic  duct,  the  gall- 
bladder, and  the  common  bile-duct. 

The  hepatic   duct,  formed  by  the  union  of  a  right  and  a  left  branch,  which 

■  from  the  bottom  of  the  porta  and  unite  at  a  very  obtuse  angle,  descends 
to  th<  within  tin'  lesser   omentum,  in    front    of   the    vena    porta',  and    with 

hepatic   arten    to  its  left.     Its  diameter  is  about    I    mm.    and   its   length 
nearly  5  cm.     At   its  lower  end.  it  meets  with  the  cystic  duct  (descending  from 

ol  the  Abdominal  Viscera  in  the  Infant,'  Trans.  Medico-Chir.  Soc.  of  Edinburgh,  vol.  x. 
.  i-'"    91. 
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the  gall-bladder),  and  the  two  ducts  uniting  together  at  an  acute  angle  form  the 
common  bile-duct. 

The  gall-bladder  (vesica  fellea)  (fig.  129,  g.bl),  is  a  pear-shaped  membranous 
sac,  7-5  cm.  to  10  cm.  long,  about  35  mm.  across  its  widest  part,  and  capable  of  con- 
taining from  30  c.c.  to  50  c.c.  It  is  lodged  obliquely  in  the  fossa,  before  mentioned, 
on  the  under-surface  of  the  right  lobe,  with  its  large  end  or  fundus,  which  projects 
beyond  the  anterior  border  of  the  liver,  directed  forwards,  downwards,  and  to  the 
right,  whilst  its  neck  is  inclined  in  the  opposite  direction.  Its  upper-surface  is 
attached  to  the  liver  by  areolar  tissue.  Its  under-surface  and  fundus  are  covered  by 
the  peritoneum,  which  is  reflected  over  them  from  the  surface  of  the  liver.  In 
rare  cases,  the  peritoneum  completely  surrounds  the  gall-bladder,  which  is  then 
suspended  by  a  sort  of  mesentery  from  the  under-surface  of  the  liver.  The  fundus 
generally  touches  the  abdominal  parietes  immediately  beneath  the  margin  of  the 
thorax,  opposite  the  ninth  costal  cartilage.  It  is,  however,  subject  to  considerable 
variations.  Thus,  if  the  liver  be  small,  or  the  gall-bladder  empty,  it  often  fails 
to  reach  the  abdominal  wall.  In  cases  of  distension  of  the  stomach,  it  may  be 
displaced  to  the  right.  The  gall-bladder  rests  below  on  the  commencement  of  the 
transverse  colon  ;  and,  farther  back,  it  is  in  contact  with  the  duodenum,  and  some- 
times with  the  pyloric  extremity  of  the  stomach.  The  neck,  gradually  narrowing, 
passes  upwards  and  forwards,  and  then  turns  downwards  to  end  in  the  cystic  duct. 

The  gall-bladder  is  supplied  with  blood  by  the  cystic  artery,  a  branch  of  the 
right  division  of  the  hepatic  artery,  along  which  vessel  it  also  receives  nerves  from 
the  cceliac  plexus.     The  cystic  veins  empty  themselves  into  the  vena  porta?. 

The  cystic  duct  is  about  15  mm.  long,  and  only  about  23  mm.  wide.  It 
runs  downwards,  backwards,  and  to  the  left,  and  unites  with  the  hepatic  duct 
to  form  the  common  bile-duct.  The  terminal  portion  of  the  cystic  duct  runs  for 
a  variable  distance  parallel  with  and  adherent  to  the  hepatic  duct. 

The  common  bile-duct  (ductus  choledochus),  about  5'6  mm.  to  7-5  mm.  in 
width,  and  nearly  7  cm.  in  length,  conveys  the  bile  into  the  duodenum.  It  passes 
downwards,  backwards,  and  to  the  left,  continuing  the  course  of  the  hepatic  duct, 
between  the  layers  of  the  lesser  omentum,  in  front  of  the  vena  porta?,  and  to  the 
right  of  the  hepatic  artery.  Passing  behind  the  first  part  of  the  duodenum,  it 
bends  to  the  right  and  somewhat  backwards  to  gain  the  inner  and  posterior 
aspect  of  second  part  of  the  duodenum,  covered  by  or  included  in  the  head  of  the 
pancreas,  and  for  a  short  distance  in  contact  with  the  right  side  of  the  pancreatic 
duct.  Together  with  this  duct,  it  then  perforates  the  muscular  wall  of  the 
duodenum,  and,  after  running  obliquely  for  about  15  mm.  between  its  coats,  and 
forming  an  elevation  beneath  the  mucous  membrane,  it  becomes  somewhat  con- 
stricted, and  opens  by  a  common  orifice,  with  the  pancreatic  duct  on  the  inner 
surface  of  the  intestine,  near  the  junction  of  the  second  and  third  portions  of  the 
duodenum,  and  7  cm.  to  10  cm.  beyond  the  pylorus. 

Varieties — The  gall-bladder  is  occasionally  wanting,  in  which  case  the  hepatic  duct  is 
much  dilated  within  the  liver,  or  in  some  part  of  its  course.  Sometimes  the  gall-bladder  is 
irregular  in  form,  or  is  constricted  across  its  middle,  or — but  much  more  rarely — it  is  partially 
divided  in  a  longitudinal  direction.  Purser  (Trans.  Acad.  Med..  Inland,  vol.  v.)  has  recorded 
a  case  in  which  there  were  two  distinct  gall-bladders,  each  having  a  cystic  duct  which  joined 
the  hepatic  duct.  The  gall-bladder  has  been  found  on  the  left  side  (Hochstetter,  Arch.f.  Anal.. 
1886)  in  subjects  in  which  there  was  no  general  transposition  of  the  thoracic  and  al>d<>minal 
viscera.  Direct  communications,  by  means  of  small  ducts  (named  hepatocystic),  passing 
from  the  liver  to  the  gall-bladder,  exist  regularly   in  various  animals. 

The  right  and  left  divisions  of  the  hepatic  duct  sometimes  continue  separate  for  some 
distance  within  the  lesser  omentum.  Lastly,  the  common  bileclmt  not  infrequently  opens 
separately  from  the  pancreatic  duct  into  the  duodenum. 
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The  pancreas  (figs.  L39  to  143)  is  a  long  gland  of  a  reddish  cream  colour,  and 
irregularly  prismatic  shape,  which  lies  across  the  posterior  wall  of  the  abdomen, 
behind  the  stomach,  and  opposite  the  first  and  second  lumbar  vertebrae.  Its 
right  end  is  the  larger,  and  is  termed  the  head  ;  from  this  arises  a  short  and 
slightly  constricted   neck,  which  connects  the  head  with  the  body.     The  body 


I'lc.    139. — ANTERIOR  aspect  of  THE   PANCREAS,   etc.      (.1.  Symington. ) 

Drawn  by  G.  C.  R.  Harbinson,  from  a  specimen  prepared  by  hardening  the  abdominal  viscera  in  situ 
bv  the  injection  of  a  1  per  cent,  solution  of  chromic  acid. 

II .11.11.,  li< tad  of  pancreas  ;  C.  its  neck  ;  B.B.,  its  body  ;  A.,  anterior  surface  of  the  body  :  I.,  its  inferior 
surface;  I  >.T..  omental  tuberosity  near  right  end  of  body  :  "2nd.  lird.  4th.  corresponding  parts  of  the  duodenum  ; 
.1..  jejunum  ;  H.A..  hepatic  artery  :  <;..  gastric  artery  ;  S.I'.,  splenic  artery  :  C.D..  gastro-duodenal  arten  : 
S.I'.  It.,  superior  pancreatieo-duodenal  artery;  S.V.,  splenic  vein;  I.M..  inferior  mesenteric  vein:  S.M.V.. 
superior  mesenteric  vein  ;   P.V.,  portal  vein  ;   B.D.,  common  bile-duct. 

passes  to  the  left,  its  free  extremity  or  tail  touching  the  spleen.     About  one-third 
of  the  gland  lies  to  the  right  of  the  median  plane  and  two-thirds  to  the  left. 

The  pancreas  varies  considerably,  in  different  cases,  in  its  size  and  weight.  It  is  usually 
I-  cm.  to  14  cm.  long,  and  1"  nun.  to  20  nun.  in  thickness.  The  weight  of  the  gland,  according 
t'.  Ki.iu-e  and  < 'lciidcnning,  is  usually  from  60  grins,  to  102  grms.     Its  specific  gravity  is  T040. 

The  head  (fig.  139,  H)  of  the  pancreas  forms  a  dish-shaped  mass,  flattened  from 
before  backwards,  and  lying  in  the  concavity  formed  by  the  second, third,  and  fourth 
of  t  In'  duodenum,  to  which  it  is  closely  united.  The  superior  mesenteric 
els  arc  in  contact  with  the  anterior  surface,  near  its  left  border  ;  while  near  its 
lower  end.  it  is  i  ro  Jed  by  the  transverse  colon  and  its  meso-colon.  The  superior 
and  inferior  pancreatieo-duodenal  vessels  pass  down  in  front  of  the  head  a  short 
distance  from  its  right  and  left  borders,  respectively.     Posteriorly,  it  lies  upon  the 
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inferior  vena  cava,  the  left  renal  vein,  and  the  aorta.  The  common  bile-duct  passes 
down  behind  it,  and  is  generally  received  into  a  groove  or  canal  in  its  substance. 
The  lower  part  of  the  head,  which  extends  downwards  to  the  third  part  of  the 
duodenum,  and  turns  to  the  left  behind  the  mesenteric  vessels,  is  known  as  the 
uncinate  process. 

The  neck  *  of  the  pancreas  (fig.  139,  C)  is  about  2  cm.  long.  It  springs  from  the 
upper  part  of  the  anterior  surface  of  the  head  and  turns  iipwards,  forwards,  and 
to  the  left  to  join  the  body.  In  its  course,  it  passes  in  front  of  the  termination  of 
the  superior  mesenteric  vein  and  the  commencement  of  the  vena  porta?.  At  its 
attachment  to  the  head,  it  is  grooved  on  its  right  side  by  the  gastro-duodenal  and 


Fig.   140. — The  pancreas  and  adjoining  viscera  from  before. 
This  and  the  next  figure  are  drawn  from  Prof.  His's  model.      One-third  natural  size. 

The  liver,  the  stomach,  the  greater  part  of  the  small  intestine,  and  the  transverse  colon  have  heen  removed. 
P,  pancreas;  d,  duodenum;  d.j.,  duodeno-jejunal  flexure;  above  the  duodenum,  and  between  it  and  the 
head  of  the  pancreas,  are  seen  the  bile-duct,  portal  vein,  and  hepatic  artery  ;  asc.  col.,  desc.  col.,  ascending 
and  descending  colon  ;  s-pl.,  spleen  ;  r.k.,  l.k.,  right  and  left  kidneys  ;  s.r..  s.r'.,  right  and  left  suprarenal  glands  ; 
•pt,  peritoneum  at  the  back  of  the  abdominal  cavity  ;  m,  line  of  reflection  of  the  mesentery  ;  the  line  of  reflection 
of  the  transverse  meso-colon  is  seen  along  the  lower  edge  of  the  pancreas  and  crossing  the  duodenum. 

superior  pancreatico-duodenal  arteries.  The  first  part  of  the  duodenum  lies  against 
its  anterior  and  right  aspect,  and  the  pylorus  often  touches  it  when  the  stomach 
is  distended. 

The  body  and  tail  together  (fig.  139,  B)  are  10  cm.  to  12  cm.  long.  After  crossing 
from  the  right  side  in  front  of  the  aorta,  the  body  curves  backwards  in  its  course 
to  the  left,  and  ends  in  contact  with  the  lower  part  of  the  anterior  surface  of  the 
spleen.  Towards  its  right  end,  where  the  body  of  the  pancreas  lies  anterior  to  the 
vertebral  column,  it  is  flattened  from  before  backwards  so  that  it  has  only 
two  distinct  surfaces — anterior  and  posterior  ;  but  to  the  left  of  the  vertebral 
column,  it  usually  possesses  also  a  fairly  well-marked  inferior  surface  (see  fig.  174). 

The  anterior  surface  is  concave,  looks  upwards  as  well  as  forwards,  and  is 
covered  by  the  stomach — the  lesser  sac  of  the  peritoneum  intervening— except 
for  an  area,  variable  in  size,  where  the  stomach  or  first  part  of  (lie  duodenum  may 
be  in  direct  contact  with  it.  Towards  the  upper  pari  of  its  righl  end.  it  often 
presents  a  well-marked  prominence  (fig.  142),  called  the  tuber  omentale  (His), 
which  is  separated  from  the  liver  by  the  lesser  omentum. 

The  posterior  surface  lies  in  front  of  the  aorta,  the cceliac plexus  of  nerves,  the 

i  Symington,  '  On  the  Topographical  Anatomy  of  tin-  I';i  r  n  reas,  with  Remarks  on  I  he  Arrangement  of  ita 
Ducts,'  Trans.  Royal  Acad,  of  Medicine  of  Ireland,  vol.  xiii.,   189 
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origin  of  the  auperioi  mesenteric  artery,  the  pillars  of  the  diaphragm,  the  splenic 
vein,  the  left  kidney  and  its  vessels,  and  the  left  supra-renal  gland. 

The  inferior  Burface  rests  on  the  duodeno-jejunal  flexure,  some  convolutions 
of  the  jejinm  ileum,  and.  near  its  left  end.  the  transverse  colon. 

The  superior  border  lies  in  relation  with  the  cccliac  artery,  the  hepatic  branch 
of  this  trunk  passing  to  the  right  just  above  it.  while  on  the  left  side  the  splenic 
artery  in  its  tortUOUS  course  to  the  spleen  amoves  it. 


I'm;.  141.— View  ob  the  pancreas  and  adjacent  abdominal  viscera  from  behind,  after  removal  of 
the  whole  of  the  posterior  wall  of  the  abdomen,  and  the  kidneys  and  suprarenal  glands; 
THE  PERITONEUM   BEING   LEFT.      One-third  natural  size. 

/'.  pancreas  :  P'.  its  head  ;  d.  duodenum  ;  St.,  stomach  ;  spl.,  spleen  ;  R.L.,  right  lobe  of  the  liver  ;  J..S.. 
caudate  lobe ;  v.c.i..  vena  ra\.i  interior:  ji.r..  portal  vein;  b.  common  bile-duct;  i.r..  impression  for  the 
right  kidney  on  thi  posterior  3urfa<  e  of  the  liver  ;  the  situation  of  the  two  kidneys  is  well  shown  by  the  corre- 
Bpooding  impressions  in  the  cast;  asc.  col.,  desc.  col.,  ascending  and  descending  colon;  pf.,  back  of  the 
peritoneum  ;   m,  line  of  attachment  of  the  mesentery  ;   VIII.  IX.  X,  XI,  the  corresponding  ribs  ;   il„  ileum. 


At  the  anterior  border,  the  two  layers  of  the  transverse  meso-colon  separate; 
the  anterior  layer  ascending  in  relation  with  the  anterior  surface  of  the  pancreas, 
while  the  posterior  layer  passes  backwards  in  contact  with  the  inferior  surface. 
The  posterior  surface  is  thus  devoid  of  peritoneum,  while  the  anterior  surface  is 
related  to  the  bursa  omentatis,  and  the  inferior  surface  to  the  great  sac  of  the 
peritoneum. 

The  tail  of  the  pa as  is  in  contact  with  the  lower  part  of  the  inner  surface 

of  the  spleen,  and  is  hounded  m  front  by  the  stomach  and  behind  by  the  left  kidney. 

The  transpyloric  plane  usually  corresponds  approximately  to  the  lower  border 

of  the  body  and  tail  of  the  pancreas,  while  the  head  turns  downwards  to  the  right 

tedian  plane,  and  is  situated  in  great  pari  below  the  transpyloric  plane,  so 

the  head  of  the  pancreas  lies  in  the  righl   umbilical  and  right  epigastric, 

body  and    tail  in  the   left   epigastric   and   left  hypochondriac   regions 
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Ductus  pancreaticus. — The  principal  excretory  duct,  called  the  pancreatic 
duct  or  canal  of  Wirsung,  runs  through  the  entire  length  of  the  gland  from  left  to 
right,  buried  entirely  in  its  substance.  Commencing  by  the  union  of  the  small 
ducts,  derived  from  the  groups  of  lobules  composing  the  tail  of  the  pancreas,  and 
receiving  in  succession  at  various  angles  and  from  all  sides  the  ducts  from  the  body 
of  the  gland,  the  canal  of  Wirsung  pursues  a  nearly  straight  course  in  the  axis  of 
the  gland  until  it  reaches  the  neck.  Here  it  turns  oblicpiely  downwards,  backwards, 
and  to  the  right  through  the  neck  and  head,  gradually  approaching  the  posterior 
surface  of  the  latter.  Near  its  termination  it  comes  in  contact  with  the  left  side 
of  the  common  bile-duct,  which  it  accompanies  to  the  second  part  of  the  duodenum. 
As  the  duct  passes  through  the  body  of  the  pancreas,  it  lies  rather  nearer  the  upper 


Rect  AbJ. 
9-CC. 
Transv  Abd. 

Obliq   Ext 
8'»CC 

Rcc  Oment  Min 
3"  Ri  v 
i*f  part  D-iod 
Cystic  Artery 

Common  Bile  Duct 
Cystic  Diet 

Inf  Ven  Cav 

I0*  R(b 
Suprarenal  Caps 

Diaphr'aqm 

Psoas 
II*  Rib 

Quad  Lumb 

IV  R.b 
Lat  Dors. 


Lumb.  vert 

Fig.  142. — Horizontal  section  of  the  abdomen  of  a  man,  aged  fifty  years,  at  the  level  of  the 
first  lumbar  vertebka.     One-third  natural  size.     (P.  T.  Crymble.) 

The    neck    and   part,  of  the  body  of  the   pancreas   are  exposed  lying  behind  the   omental    bursa,  the 
stomach,  the  lesser  omentum,  and  the  liver. 


than  the  lower  border,  and  the  dorsal  than  the  ventral  surface.  As  it  traverses 
the  head  of  the  pancreas,  it  is  joined  by  numerous  branches,  one  of  which,  coining 
from  the  lower  part  of  the  head,  is  larger  than  the  others.  The  bile  and  pancreatic 
ducts,  placed  side  by  side,  pass  very  obliquely  through  the  muscular  and  areolar 
coats  of  the  intestine,  and  terminate,  as  already  described,  on  its  internal  surface, 
by  a  common  orifice,  situated  near  the  junction  of  the  second  and  third  portions 
of  the  duodenum,  between  8  cm.  and  10  cm.  below  the  pylorus.  The  pancreatic 
duct,  with  its  branches,  is  readily  distinguished  within  the  glandular  substance, 
by  the  very  white  appearance  of  its  thin  fibrous  walls.  Its  widest  part,  near  the 
duodenum,  is  from  2  mm.  to  3  mm.  in  diameter,  or  nearly  the  size  of  an  ordinary 
quill.  It  is  lined  by  a  remarkably  thin  and  smooth  membrane,  which,  near  the 
termination  of  the  duct,  may  present  a  few  scattered  recesses. 

Ductus  accessorius,  or  duct  of  Santorini. — In  addition  to  the  main  (hut. 
there  is  almost  invariably  another,  much  smaller  in  size,  whirli  leaves  the  main  duct 
a  little  to  the  right  of  the  neck  of  the  gland,  and,  passing  outwards,  opens  into  the 
duodenum  on  a  small  papilla  about  2  cm.  above  the  common  orifice  of  the  bile  and 
pancreatic  ducts.    It  drains  the  upper  and  anterior  part  of  I  he  head  of  the  pancreas. 
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The  .  duel  often  narrows  as  ir  approaches  the  duodenum.     On  the  other 

hand,  it  mav  be  enlarged,  and  serve  as  the  main  channel  for  the  discharge  of  the 
pancreatic  juice  into  I  be  duodenum. 

The  presence  <'f  two  ducts  is  explained  by  a  reference  to  the  development  of  the  pancreas. 
There  are  two  outgrowths  from  the  duodenum  to  form  the  pancreas:  one  dorsal  and  the  other 
ventral  -the  latter  being  closely  associated  with  the  biliary  diverticulum.  The  dorsal  outgrowth 
is  the  more  active,  forming  the  whole  «>f  the  gland  except  the  lower  part  of  the  head.  The  two 
glandular  masses  and  their  dints  join,  and  the  portion  of  the  dorsal  duct  on  the  duodenal  side 
of  the  junction,  growing  less  rapidly  than  the  ventral  duet,  becomes  the  accessory  duct ;  while 
the  distal  portion  of  the  dorsal  duel  and  the  ventral  duet  form  the  main  pancreatic  duct.  For 
accounts  of  Bpeoial  observations  on  the  arrangement  of  the  pancreatic  ducts,  consult Sohirmer 
i  /;.  itrdgt  but  Qeachichtt  \md  Anat.  des  Pankreaa,  Basel,  1893)  and  W.  M.  Baldwin  ('  The  Pancreatic 
-  in  Man.'  The  Anatomical  Record,  vol.  v.,  May  1911). 

Varieties  of  the  pancreas  and  its  ducts. — One  of  the  most  interesting,  but  rare,  variations 
in  the  form  Of  the  pancreas,  is  the  eondition  known  as  the  annular  pancreas.  The  duodenum, 
usually  it-  di  nding  part,  is  surrounded  by  a  ring  of  pancreatic  tissue  continuous  with  the 
head  of  the  gland.  It  generally  causes  a  constriction  of  the  duodenum  at  the  situation  of  this 
ring,  »  ith  dilations  above  and  below  (Symington,  '  Notes  on  a  Rare  Abnormality  of  the  Pancreas, 
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I'm;.  143. — Duodenum  and  pancreas  viewed  from  the  front.      (W.  M.  Baldwin.) 
A  portion  of  the  pancreas  has  been  removed  to  expose  its  ducts. 


Jour.  Anat.  nml  Phys.,  vol.  xix.,  1885).     Various  attempts  have  been  made  to  explain  the  mode 

■  if  production  of  this  variation  (see  \V.  M.  Baldwin, '  A  Spceimen  of  Annular  Pancreas,'  Anatomical 

/,  vol.  iv..  August   L910;  and  Lecco,  '  Zur  Morphologic  des  Pancreas  annulare,'  Silz.  d.  k-. 

A  had.  '/.   \V i -■-' a xrh.  in   Wien,    l'JIO  ;  and  Elizabeth  Cords,  '  Kin  Fall  von  ringformigen  Pancreas 

nebst  Bemerkungcn  ueber  die  Genese  dieser  Anomalie,'  Anat.  Anzeiger,  Bd.  xxxix..  1911).     It 

m  rally  admitted  that   the   ventral  rudiment  of  the  pancreas  consists  of  a  right  and  a  left 

part.     The  lift   usually  atrophies,  but  it  may  persist,  or  the  right  half  may  exhibit  excessive 

■_T"wth  and  surround  the  pancreas.     The  duet  contained  in  the  ring  joins  the  ductus  pancreaticus 

'lie  duodenum.     The  tail  of  the   pancreas  is  sometimes  bifid;    and  the  part  of  the  head 

lying  behind  the  mesenteric  vessels  may  be  separate  from  the  remainder  of  the  gland,  and  form 

what  is  called  the  Inxrr  pancreas. 

V.i  Mm i-  exam | ilcs  of  an  accessory  pancreas  have  been  described.     They  occur  most  frequently 

in  the  uall  of  the  upper  part  of  the  jejunum  ;    mote  rarely,  in  the  wall  of  the  stomach  or  of  the 

ileum.     Tiny  tally  situated  either  in  the  submucous  or  the  subserous  coat,  but  may 

t  the  muscular  libres.     The  size  of  these  masses  varies  in  diameter,  from  a  few 

milli'  four  or  live  centimetres.      Their  appearance   in    the   wall  of  the  intestine  is  a 

bition  of  a  normal  condition  in  some  of  the  lower  \  ertebrata.    In  a  few  cases,  some  pancreatic 

I"  in  found  at  the  blind  end  of  intestinal  divert  icula  (see  Zenker,  '  Nebenpancrcas  inder 

I     Arch.  f.  path.  Anal.,  Bd.  xxi. ;   Glinski,  '  Zur  Kenntniss  des  Nebenpancrcas  und 

r  Zust    nde.'  Arch.  f.  pntli.  Anal.,  Bd.  c\xi\  ;  Rcitman,  '  Zwci  Fiille  von  accessorischen 

Pancreas.'  Anal.  .  Bd.  xxiii.). 
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Peculiarities  in  the  infant. — By  the  time  of  birth,  the  pancreas  has  acquired  its 
adult  position  and  shape,  but,  owing  to  the  relatively  large  size  of  the  supra-renal 
gland  at  this  period,  as  compared  with  the  kidney,  the  left  gland  may  extend 
downwards  sufficiently  far  on  the  kidney  to  separate  the  pancreas  entirely  from 
contact  with  this  organ.     Its  length  at  birth  is  about  3"5  cm.  (Ballantyne). 

Structure. — The  pancreas  has  no  well-defined  fibrous  capsule,  but  is  invested 
by  loose  areolar  tissue,  and  the  peritoneum  which  covers  it  can  be  readily  detached 
from  the  gland.  It  belongs  to  the  class  of  acino-tubular  glands.  In  its  general 
characters  it  closely  resembles  the  salivary  glands,  but  it  is  somewhat  looser  and 
softer  in  its  texture  than  those  organs,  the  lobes  and  lobules  being  less  compactly 
arranged. 

Blood-vessels,  lymphatics,  and  nerves. — The  arteries  of  the  pancreas 
are  derived  fj'om  the  splenic  and  hepatic  divisions  of  the  cceliac  axis,  and  from  the 
inferior  pancreatico-duodenal  branch  of  the  superior  mesenteric.  Its  veins  are 
tributaries  of  the  splenic  and  superior  mesenteric,  and  therefore  belong  to  the  portal 
system.  The  lymphatic  vessels  of  the  pancreas  pass  to  various  groups  of  glands, 
which  are  not  only  connected  with  the  pancreas  but  also  with  some  of  the  neigh- 
bouring abdominal  organs — such  as  the  stomach,  spleen,  left  supra-renal  gland, 
liver,  and  duodenum.  Their  arrangement  within  the  pancreas  is  similar  to  that 
found  in  the  salivary  glands. 

The  nerves  are  derived  from  the  cceliac  plexus,  and  accompany  the  arteries  to 
the  organ.  They  are  almost  exclusively  non-medullated,  and  have  minute  ganglia 
on  them  as  they  traverse  the  gland.  Besides  these  ganglia,  small  cells — apparently 
of  nervous  nature — are  found  upon  the  nerves,  near  their  distribution  to  the 
epithelium-cells  of  the  alveoli,  over  and  between  which  they  ultimately  ramify. 


INSPIRATORY   SYSTEM. 


The  organs  of  respiration  and  voice  (apparatus  respiratorius)  comprise  the  larynx, 
trachea,  and  bronchi;  and  the  lungs,  with  their  serous  investments,  named  the 
pleura.  They  also  include  the  nasal  cavities  (described  in  Vol.  III.  Pt.  II.,  in 
connexion  with  the  organs  of  sense)  and  the  upper  part  of  the  pharynx. 

The  pharynx,  tie-  upper  part  of  which  serves  as  a  respiratory  passage,  has 
already  been  described  in  this  part  of  Vol.  II. 

Tli'-  respiratory  organs  are  developed  as  a  median  outgrowth  from  the  ventral 
wall  of  the  fore-gut,  and  this  primitive  connexion  between  the  alimentary  canal 
and  the  respiratory  apparatus  is  maintained  in  the  adult,  the  upper  end  of  the 
air-passage  opening  on  the  anterior  wall  of  the  pharynx.  Below,  this  median 
air-tube  divides  into  two  lateral  branches,  one  for  each  lung,  while  its  upper 
pari  is  modified  to  form  the  organ  of  voice.  In  the  majority  of  mammals,  the 
larynx  opens  into  the  nasal  part  of  the  pharynx,  the  ventral  boundary  of 
the  orifice  (the  epiglottis),  projecting  forwards  behind  the  soft  palate.  This 
is  not  the  case,  however,  in  the  human  subject,  either  during  intra-uterine  or 
extra-uterine  life. 

LARYXX. 

The  larynx  is  placed  at  the  upper  and  fore-part  of  the  neck,  where  it  forms  a 
considerable  prominence  in  the  middle  line.  It  lies  between  the  large  vessels  of 
the  neck,  and  is  suspended  from  the  tongue  and  hyoid  bone.  It  is  covered  in  front 
by  the  skin  and  cervical  fascia  along  the  middle  line,  and  on  each  side  also  by  the 
Bterno-hyoid,  omo-hyoid,  sterno-thyroid.  and  thyro-hyoid  muscles,  by  the  upper 
end  of  the  lateral  lobe  of  the  thyroid  gland,  and  by  a  small  part  of  the  inferior 
constrictor  of  the  pharynx.  Behind,  it  is  separated  from  the  fourth,  fifth,  and 
sixth  cervical  vertebrae  by  the  laryngeal  part  of  the  pharynx  and  the  prevertebral 
muscles.  Above,  it  opens  into  the  cavity  of  the  pharynx,  and  below,  into  that 
of  the  trachea  (tip.  54). 

Its  dimensions,  according  to  Sappey,  are,  on  an  average  of  eight  males  and 
eight  females,  as  follows  : — 

Vertical  diameter,  measured  from  the  upper  border  of  the  thyroid  cartilage  to 
the  lower  holder  of  the  cricoid,  I  I  nun.  in  the  male  and  36  mm.  in  the  female. 

Transverse  diameter,  represented  by  the  distance  between  the  posterior  borders 
<>f  the  thyroid  cartilage,  43  mm.  in  the  male  and  41  mm.  in  the  female. 

Antero-posterior  diameter,  measured    from   the   most  prominent   part  of  the 
anterior  border  of  the  thyroid  cartilage  to  a  line  uniting  its  posterior  borders, 
mm.  in  the  male  and  26  mm.  in  the  female. 

The  larynx   consist-    of    i    framework   of  cartilages,   articulated  together,   and 

ted  by  elastic  membranes  or  ligaments,  two  of  which,  projecting  towards 

the  interior  of  the  cavity,  are  named  the  plica   vocales,  being  more  immediately 

(152) 
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concerned  in  the  production  of  the  voice.  It  possesses  special  muscles,  which 
move  the  cartilages  one  upon  another,  and  modify  its  form  and  the  tension  of  its 
ligaments.  It  is  lined  by  a  mucous  membrane,  continuous  above  with  the 
mucous  membrane  of  the  pharynx,  and  below  with  that  of  the  trachea. 


CARTILAGINES    LARYXGIS. 


The  cartilages  of  the  larynx  consist  of  three  single  and  symmetrical  pieces, 
named  respectively  the  thyroid  cartilage,  the  cricoid  cartilage,  and  the  cartilage  of 
the  epiglottis  ;    and  of  three  pairs,  namely — the  arytenoid  cartilages,  the  corniculate 


Fig.     144. — Front    view    of    the    laryngeal 

CARTILAGES   AND   LIGAMENTS.       (Sappey.) 

1,  hyoid  bone  ;  2,  its  large  cornua  ;  3,  its  small 
cornua  ;  4,  thyroid  cartilage  ;  5,  thyro-kyoid 
membrane  ;  6,  lateral  thyro-hyoid  ligament, 
containing  the  cartilago  trilicea,  7  ;  8,  cricoid 
cartilage  ;  9,  crico-thyroid  membrane  ;  10, 
lateral  cerato-cricoid  ligaments  11,  uppermost 
ring  of  trachea. 


Fig.     145. — Back     view     of     the      laryngeal 

CARTILAGES    AND    LIGAMENTS.       (Sappey.) 

1.  thyroid  cartilage;  2,  cricoid  cartilage; 
3,  arytenoid  cartilages  ;  4,  their  muscular  pro- 
cesses ;  5.  a  ligament  better  marked  than  usual, 
connecting  the  lower  cornu  of  the  thyroid  with 
the  back  of  the  cricoid  cartilage  ;  (3.  upper  ring 
of  the  trachea;  7,  epiglottis;  S.  ligament  con- 
necting it  to  the  angle  of  the  thyroid  cartilage. 
The  cartilagines  corniculatse  are  seen  surmounting 
the  arytenoid  cartilages. 


cartilages  [Santorini],  and  the  cuneiform  cartilages  [Wrisbergi].  In  all,  there  are 
nine  distinct  pieces,  but  the  corniculate  and  cuneiform  cartilages  are  very  small. 
Only  the  thyroid  and  cricoid  cartilages  are  visible  on  the  front  and  sides  of  the 
larynx  ;  the  back  of  the  cricoid  cartilage,  surmounted  by  the  arytenoid  cartilages, 
and  these  again  by  the  corniculate,  are  seen  behind  ;  whilst  the  epiglottis  is  situated 
in  front  of,  and  cuneiform  cartilages  on  each  side  of,  the  upper  opening. 

The  thyroid,  which  is  the  largest  of  the  laryngeal  cartilages,  ((insists  of  two 
flat  lateral  plates  (lamina  dextra  and  lamina  sinistra),  which  are  united  in  front 
at  the  isthmus,  and  form  an  angle  of  about  (.io  with  one  another  in  t  he  male,  and 
120°  in  the  female.  This  angular  projection  is  subcutaneous,  most  prominent  at  the 
upper  part,  and  is  much  more  marked  in  the  male  than  in  1  he  female,  being  named 
in  the  former  the  pomum  Adami  (•prominentia  laryngea). 
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The  iwi  symmetrica]  halves,  called  the  laminae,  are  somewhat  quadrilateral  in 
form.  <  >f  each  half,  t  he  anterior  border  is  the  shortest ;  the  superior  border  of  the 
isthmus  being  surmounted  by  a  deep  thyroid  notch  (see  fig.  144).  The  free  posterior 
border  is  thickened  and  vertical,  and  h  prolonged  upwards  and  downwards  into 
two  processes  or  cornua  :  it  gives  attachment  to  the  stylo-pharyngeus  and  palato- 
pharyngeufl  muscles.  The  upper  and  lowrer  borders  have  each  a  well-marked 
concavity  close  to  the  eornu  ;  otherwise,  the  upper  is  convex  and  the  lower  nearly 
straight.  The  flattened  lateral  surface  of  each  lamina  is  marked  by  an  indistinct 
oblique  line  or  ridge  (iig.  144).  which,  commencing  above  at  the  posterior  part  of 
i  lie  superior  bonier,  in  a  slight  prominence  called  the  superior  tubercle,  passes  down- 
wards and  slightly  forwards  and  ends  at  the  lower  border  in  an  inferior  tubercle, 
so  as  to  mark  off  the  anterior  three-fourths  of  the  surface  from  the  remainder. 
This  line  gives  attachment  below  to  the  sterno-thyToid,  and  above  to  the  thyro- 
hyoid muscle  ;  whilst  the  small  smooth  surface  behind  it  gives  origin  to  part  of 
the  inferior  constrictor  of  the  pharynx,  and  affords  attachment,  by  means  of 
areolar  tissue,  to  the  thyroid  body.  On  their  median  surfaces,  the  laminae  are 
smooth  and  slightly  concave.  At  or  close  to  the  receding  angle,  are  attached,  from 
.i  I  ■<  >ve  downwards,  the  epiglottis,  the  ventricular  and  vocal  folds, and,  slightlyfarther 
out,  the  thvro-arytenoidei  muscles.  Below,  and  in  front,  the  median  surface 
of  the  thyroid  cartilage  forms  part  of  the  lateral  wall  of  the  larynx ;  while  above 
and  behind,  it  is  covered  by  the  mucous  membrane  of  the  pharynx  (see  figs.  156 
and  157).  Of  the  four  cornua,  all  of  which  bend  inwards,  the  two  superior  or 
'jii ut  cornua  (fig.  145)  pass  upwards,  with  sometimes  a  slight  backward  curve, 
and  terminate  each  in  a  blunt  extremity  which  is  connected,  by  means  of  the 
lateral  thyro-hyoid  ligament,  to  the  tip  of  the  corresponding  great  cornu  of  the 
hyoid  bone  (fig.  144,  2).  The  inferior  or  smaller  cornua,  which  are  somewhat 
thicker,  but  shorter,  are  directed  slightly  forwards,  and,  on  the  inner  aspect  of 
the  tip,  show  a  smooth  surface  for  articulation  with  a  prominence  on  the  side 
of  the  cricoid  cartilage. 

Occasionally,  there  is  a  foramen  in  the  lamina  of  the  thyroid  cartilage,  situated  near  the 
upper  part  of  its  posterior  border  ;  an  abnormal  branch  of  the  superior  laryngeal  artery  passes 
through  it.  In  the  infant,  the  isthmus  of  the  thyroid  cartilage  differs  from  the  two  lamina? 
in  being  less  opaque  and  more  flexible. 

The  cricoid  cartilag-e  (figs.  144,  Sand  152,  2),  which  is  shaped  like  a  signet-ring, 
is  thicker  and  stronger  than  the  thyroid.  It  is  deep  behind,  where  it  is  expanded 
into  a  squarish  plate  or  lamina,  measuring  in  the  male  about  25  mm.  from  above 
dow  nwards  ;  but  in  front  it  is  shallow,  having  a  vertical  measurement  of  only  8  mm. 
The  superior  border,  which  is  markedly  elevated  behind,  passes  downwards  and 
forwards  to  end  anteriorly  below  the  thyroid  cartilage  ;  while  the  inferior  border  is 
horizontal,  and  connected  by  fibrous  tissue  to  the  first  ring  of  the  trachea.  The 
posterior  c.'evated  part  of  the  upper  border  is  slightly  depressed  towards  the  middle 
line,  and  at  the  sides  of  this  depression  are  the  elongated  oval  facets  for  articulation 
with  the  arytenoid  cartilages.  These  facets  are  cylindrically  curved,  and  they 
look  outwards  as  well  as  upwards.  The  convex  aspect  of  the  ring  of  cartilage  is 
smooth  in  front  and  at  the  sides,  where  it  affords  attachment-  to  the  erieo-thyroid 
muscles,  and  behind  these  to   the  inferior   constrictors  of    the  pharynx,  while 

t ci  loily  it  presents  a  vertical  median  ridge,  to  which  some  of  the  longitudinal 

fibres  of  the  oesophagus  are  attached.     On  each  side  of  this  ridge  is  a  broad 

-sion,  occupied  by  the  posterior  crico-arytenoid  muscle;   lateral  to  which 

I.  flat,  oval  and  slightly  raised  surface  for  articulation  with  the  inferior 

nu  of  the  thyroid  cartilage.      The  concave  inner  surface  of  the  ring  is  covered 
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throughout  by  the  mucous  membrane  of  the  larynx.  At  its  lower  border,  the 
cricoid  is  circular,  but,  higher  up,  the  cartilage  is  somewhat  compressed  laterally, 
so  that  the  passage  through  it  is  here  elliptical. 

The  arytenoid  cartilag-es  (fig.  145,  3)  are  two  in  number,  and  symmetrical 
in  form  and  position.  The}^  may  be  compared  in  shape  to  irregular  three-sided 
pyramids,  and  they  rest  by  their  bases  on  the  posterior  and  highest  part  of  the 
cricoid  cartilage,  while  their  somewhat  curved  apices  approach  one  another.  Each  is 
about  20  mm.  high  and  10  mm.  broad  at  the  base.  Of  the  three  faces,  the  posterior 
is  broad,  triangular,  and  concave  from  above  downwards,  lodging  part  of  the 
arytenoid  muscle.  The  antero-lateral  surface  has  a  transverse  ridge  (crista  arcuata), 
situated  about  the  junction  of  its  lower  and  middle  thirds ;  above  and  below 
this,  the  surface  is  concave.  The  lower  concavity  (fovea  oblongata)  gives 
attachment  to  the  thyro-arytenoideus  and  the  lateral  crico -arytenoid  muscles  ;  the 
upper  (fovea  triangularis)  gives  attachment  to  the  ligamentum  ventricularis  of  the 
plica  ventricularis,  and  is  also  closely  related  to  a  tpiantity  of  glandular  tissue.  The 
median  surface  is  the  narrowest  of  the  three  ;  indeed,  in  its  upper  half  it  is  reduced 
to  a  narrow  border,  is  nearly  parallel  to  that  of  the  opposite  cartilage,  and  is 
covered  below  by  the  laryngeal  mucous  membrane. 

The  base  of  each  arytenoid  cartilage  is  slightly  hollowed,  having  towards  its 
outer  part  a  smooth  concave  surface  for  articulation  with  the  cricoid  cartilage. 
Two  of  its  angles  are  remarkably  prominent  :  namely — one  lateral,  short  and 
rounded,  which  projects  backwards  and  outwards,  and  into  which  the  posterior  and 
the  lateral  crico-arytenoid  muscles  are  inserted  (processus  muscularis)  ;  the  other 
anterior,  which  is  more  pointed,  and  forms  a  horizontal  projection,  to  which  the 
corresponding  vocal  ligament  is  attached  (processus  vocalis). 

The  apex  curves  backwards  and  a  little  inwards,  and  terminates  in  a  blunt  point, 
which  is  surmounted  by  the  corniculate  cartilage. 

A  small  cartilaginous  nodule  (sesamoid  cartilage)  is  sometimes  found  at  the  outer  side  of 
the  arytenoid,  near  the  tip,  embedded  in  the  perichondrium. 

The  corniculate  cartilages  [Santorini]  are  two  small  yellowish  cartilaginous 
nodules  of  a  somewhat  conical  shape,  which  are  articulated  with  the  summits 
of  the  arytenoid  cartilages  (fig.  145),  and  serve,  as  it  were,  to  prolong  them 
backwards  and  inwards.     They  sometimes  form  part  of  the  arytenoid  cartilages. 

The  cuneiform  cartilages  [Wrisbergi]  are  two  very  small,  oblong,  yellowish, 
cartilaginous  bodies,  placed  one  on  each  side  towards  the  posterior  part  of  the  fold 
of  the  mucous  membrane  (plica  aryepiglottica),  which  extends  from  the  summit  of 
the  arytenoid  cartilage  to  the  epiglottis.  They  occasion  small  elevations  of  the 
mucous  membrane,  a  little  in  advance  of  the  cornicula,  with  which,  however,  they 
are  not  directly  connected. 

According  to  Coeppert  ('  Ueber  die  Herkunft  des  Wrisbergischen  Knorpels,'  Morph.  Jahrhurh., 
Bd.  xxi..  1894),  these  cartilages  are  primarily  lateral  processes  of  the  epiglottis,  which  may  become 
detached  from  this  cartilage  and  secondarily  united  with  the  arytenoids,  la  some  mammals,  t  lie 
epiglottis,  the  cuneiform  and  the  arytenoid  cartilages  form  a  ring  surrounding  the  laryngeal 
aperture.     The  cuneiform  cartilages  are  sometimes  absent. 

The  epiglottis  (fig.  145,  7)  is  a  median  lamella  of  yellow  fibro-cartilage,  shaped 
somewhat  like  an  obovate  leaf,  and  covered  by  mucous  membrane.  It  is  placed  in 
front  of  the  superior  opening  of  the  larynx,  projecting,  in  the  ordinary  condition, 
upwards  immediately  behind  the  base  of  the  tongue. 

The  cartilage  of  the  epiglottis  is  broad  and  rounded  at  its  upper  free  margin, 
but  below  it  becomes  pointed,  and  is  prolonged  by  means  of  a  nairow,  elastic  band 
(the  thy ro -epiglottic  ligament)  to  the  deep  angular  depression  between  the  laminse 
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<>f  the  thyroid  cartilage,  to  which  il  is  attached  behind  and  jusl  below  the  median 
notch.  It--  l»i'  kiI  borders,  which  are  convex  and  turned  backwards,  are  only  partly 
tree,  the  lower  pa  its  being  enveloped  in  the  aryepiglottic  folds  of  mucous  membrane. 
The  anterior  or  lingual  surface  is  free  only  in  its  upper  part,  where  it  is  covered  by 
mucous  membrane.  Lower  down,  the  membrane  is  reflected  from  it  forwards 
to  the  base  of  the  tongue,  forming  three  folds — the  median,  and  the  two  lateral 
^-epiglottic  plica.  This  surface  is  also  connected  below  with  the  posterior 
surface  of  the  byoid  bone  by  a  median  elastic  structure  named  the  hyo-epiglottic 
ligament.  The  post*  rior  or  laryngeal  surface,  which  is  free  in  the  whole  of  its  extent, 
■  nis  from  above  downwards  two  convexities,  with  an  intermediate  concavity. 
Tin-  lower  convexity,  projecting  backwards  into  the  laryngeal  cavity,  is  named  the 
tuberculum  epiglotticum.  The  epiglottis  is  closely  covered  by  mucous  membrane. 
on  removing  which,  the  yellow  cartilaginous  lamella  is  seen  to  be  pierced  by  numerous 
little  pits  and  perforations,  in  which  are  lodged  small  glands,  which  open  on  the 
surface  of  the  mucous  membrane. 

Minute  additional  laryngeal  cartilages  are  sometimes  present.  An  inter-arytt  noid  or  prc-cricoid 
occurs  regularly  in  some  animals,  but  is  rare  in  man,  as  are  also  the  sesamoid  cartilages  found 
nil  tlii-  I  iteral  asp  Cts  "t  the  arytenoid  cartilages. 

Structure  of  the  cartilages  of  the  larynx. — The  epiglottis,  the  cornicu- 

l.ite.  and  the  cuneiform  cartilages  are  composed  of  elastic  or  yellow  fibro-cartilage, 
and  have  no  tendency  to  ossify.  The  apices  of  the  arytenoid  cartilages  are  also 
formed  of  elastic  fibro-cartilage,  but  the  greater  part  of  these,  as  well  as  the  cricoid 
and  thyroid  cartilage,  are  composed  of  hyaline  cartilage,  resembling  generally 
th.it  of  the  costal  cartilages,  like  which,  they  are  very  prone  to  ossification  as  life 
advances. 

Peculiarities  of  the  larynx  according*  to  ag-e  and  sex. — In  the  fetus 
the  larynx  is  considerably  higher,  in  relation  to  the  vertebral  column,  than  in  the 
adult.  Thus,  in  the  sixth  month  of  fetal  life,  the  upper  end  of  the  epiglottis  is 
opposite  the  anterior  arch  of  the  atlas,  and  the  lower  border  of  the  cricoid  cartilage 
is  at  the  level  of  the  middle  of  the  body  of  the  fourth  cervical,  the  whole  larynx 
being  thus  fully  two  vertebrae  higher  than  in  adult  life.  Until  puberty,  the  larynx 
gradually  descends,  by  which  time  it  has  attained  its  adult  position.  This  descent 
of  the  larynx  is.  therefore,  independent  of  the  special  increase  in  size  of  the  organ 
occurring  at  puberty,  and  appears  to  be  associated  with  the  growth  in  a  vertical 
direction  of  the  facia!  part  of  the  skull,  which  is  relatively  very  small  in  the  fetus, 
and  with  the  subsidence  in  early  life  of  the  thoracic  viscera  (see  .1.  Symington, 
'  <  In  the  Ib'hn  inns  of  t  he  Larynx  and  Trachea  to  the  Vertebral  Column  in  the  Fetus 
and  Child.'  Jour.  Anat.  and  Phys.,  vol.  xix.,  1885). 

I  p  to  the  age  of  puberty,  the  larynx  is  similar  in  the  male  and  female  ;  the  chief 

characteristics  at   that  period  being  the  small  size  and  comparative  slightness  of 

the  oruan.  and  the  smooth  rounded  form  of  the  thyroid  cartilage  in  front.     In  the 

female,  these  conditions  are  permanent,  excepting  that  a  slight  increase  in  size  takes 

place.      In  the  male,  on  the  contrary,  al  the  time  of  puberty,  remarkable  changes 

rapidly  occur,  and  the  larynx  becomes  inure  prominent  and  more  perceptible  at  the 

upper  part  of  the  neck.     Its  cartilages  become  larger,  thicker,  and  stronger,  and 

t  he  laminae  of  the  thyToid  cartihoje  project  forwards  in  front  so  as  to  form  at  their 

union  with  one  another  the  prominent  ridge  of  the  pomum  Adami.    At  the  same 

'he  median  notch  mi  its  upper  border  is  considerably  deepened.    In  con- 

equence  of  these  changes  in  the  thyroid  cartilage,  the  distance  between  its  angle 

I  tht      •    tenoid  cartilages  behind  becomes  greater,  and  the  vocal  liga- 

•   necessarily  lengthened.     Hence  the  dimensions  of  the  glottis,  which,  at 
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the  time  of  puberty,  undergo  an  increase  of  about  one-third  only  in  the  female, 
are  nearly  doubled  in  the  male,  and  the  adult  male  larynx  becomes  altogether 
one-third  larger  than  that  of  the  female. 

Taguchi1  found  that  the  average  distance  from  the  upper  border  of  the 
thyroid  cartilage  to  the  lower  border  of  the  cricoid,  measured  in  the  median 
plane,  was  in  thirty-nine  males  4-8  cm.  and  in  thirty-three  females  3*8  cm. 

Ossification  of  the  cartilages  of  the  larynx. — At  about  twenty  years  of  age,  ossification 
usually  begins  in  the  thyroid  and  cricoid  cartilages,  and  a  few  years  later  in  the  arytenoids.  In 
the  thyroid  cartilage,  ossification  takes  place  first  near  the  inferior  cornu,  and  this  is  speedily 
followed  by  the  appearance  of  a  median  nucleus  in  the  angle  between  the  laminse  ;  from  the  lower 
cornu  the  ossification  extends  along  the  inferior  and  posterior  borders,  and  thence  spreads  through 
the  lamina.    The  cricoid  cartilage  first  becomes  ossified  at  its  upper  border  on  each  side,  near  the 


B 
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Fig.   146. — Views  of  thyroid,  cricoid,  and  arytenoid  cartilages  partially  ossified 

Portion  ossified  shaded.     (C'hievitz.) 

The  relative  proportions  of  the  three  cartilages  are  not  kept  in  this  figure. 

A,  thyroid  cartilage,  with  inferior  cornu  and  adjacent  part  of  lamina  ossified  ;  B,  cricoid  cartilage  ossified 
at  upper  part ;    C,  arytenoid  almost  completely  ossified. 

arytenoid  and  thyroid  articular  facets,  and  the  bony  masses  of  thetwo  sides  soon  become  united 
across  the  back  of  the  ring  ;  the  lower  border  remains  cartilaginous  for  some  time  longer.  The 
arytenoid  cartilages  become  ossified  from  below  upwards.  The  ossification  begins  somewhat 
earlier,  and  proceeds  more  rapidly  in  the  male  than  in  the  female  (J.  H.  Chievitz,  Arch.  f. 
Anat.,  1882;   and  M.  Schleier,  Arch,  de  Lary.,  1898). 


MORPHOLOGY   OF   THE   CARTILAGES    OF   THE   LARYNX. 

The  cricoid  and  the  arytenoids  are  the  most  primitive  of  the  laryngeal  cartilages,  being 
found  in  connexion  with  the  air-passages  of  certain  of  the  amphibia,  and  also  in  the  reptilia  ; 
while  the  thyroid  and  the  epiglottis — at  least  in  a  well-developed  condition — are  peculiar  to 
mammals.  The  cricoid  cartilage  is  derived  from  the  upper  part  of  the  cartilaginous  framework 
of  the  trachea.  In  some  mammals  (marsupials)  it  blends  in  front  with  the  thyroid  cartilage. 
The  arytenoid  cartilages  mayrepresent  the  two  lateral  elements  of  a  tracheal  ring.  In  marsupials, 
these  two  cartilages  articulate  with  one  another  at  their  base.  The  thyroid  cartilage  represents 
the  ventral  portions  of  the  skeleton  of  two  pairs  of  visceral  arches  (fourth  and  fifth),  with  probably 
one  or  two  median  pieces  or  copulae.  In  the  ornithorhynchus.  these  five  parts  of  the  thyroid  can 
be  recognised  as  distinct  elements,  but  in  the  higher  mammalia  they  are  more  or  less  blended. 
In  man,  the  two  cornua  of  each  lamina  represent  ununited  parts  of  the  two  arches  ;  while 
the  peculiarities  in  appearance  and  structure  of  the  isthmus,  as  compared  with  the  lamina,  indicate 
the  median  portion  uniting  the  arches.  Both  Nicolas  and  Kallius  have  shown  that  the  1  hyroid 
cartilage  is  developed  as  apaired  structure;  andineacb  lateral  half ,  according  to  Kallius,  cartilage 
first  appears  in  two  places — one  near  the  cranial  and  the  other  at  the  caudal  border.  According 
to  Dubois,  the  epiglottis  represents  a  chondrification  in  the  submucosa  of  the  glosso-laryngeal 
fold,  the  cartilages  of  Wrisberg  being  formed  in  a  similar  manner  in  the  ventricular  folds.  ( l-egen- 
baur  maintains,  however,  that  the  epiglottis  is  an  independent  element  of  the  skeleton,  derived 
from  the  fourth  pair  of  visceral  arches,  and  according  to  Goeppert,  the  cartilages  of  Wrisberg 

1  '  Beitrage  zur  topographisohen  Anatomic  des  Kehlkopfes,'  Arch.  f.  Anat.,  1889. 
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are  formed  from  the  lateral  pi  -  of  the  primitive  epiglottis.    There  is  no  evidence  thai  the 

epiglottis  was  primitively  a  paired  structure,  and  il  is  probably  no1  derived  from  a  visceral  arch. 
One  or  two  cartilaginous  elements  are  often  found  between  the  arytenoid  cartilages  (inter- 
arytenoid)  in  mammals,  and  are  sometimes  mel  with  in  man.  For  literature,  consult  Dubois, 
'ZurMorphologiedee  Larynx,'  Anal.   '  L886;  Gegenbaur,  Du  Epiglottis,  1892;  Symington, 

'The  Marsupial  Larynx,'  Jour.  Aunt,  and  Phys.,  v6L  xxxiii.,  and  The  Cartilages  of  the 
Monotreme  Larynx,'  ibid.,  vol.  xxxiv. ;  Goeppert,  '  Ueber  die  Herkunft  des  Wrisbergischen 
Knorpels,' Jforpft.  JaArbtteA,Bd.xxi.,1894  :  Nicolas,'  Recherchee  sur  le  de  veloppement  dequelques 
elements  <lw  larynx  humain,'  Bibliog.  Anat.,  1894;  Kallius,  '  Beitrage  zur  Entwickelungs- 
Cehlkopfes,'  Anat.  Hefte,  Bd.  ix.,  1807;  and  .1.  SeliailVr.  'Zur  Histologic. 
Bistogenese  und  phylogenetischen  Bedeutung  der  Epiglottis,'  Anat.  Hefte,  Eefl  101,  1907. 


LIGAMENTS   AND  JOINTS  OF  THE   LARYNX. 

The  continuous  layer  of  fibrous  tissue,  uniting  the  thyroid  cartilage  with  the 
hyoid  bone,  is  described  as  consisting  of  a  median  hyo-thyroid  ligament,  and  on 
each  side  of  this  of  a  hyo-thyroid  membrane  and  a  lateral  hyo-thyroid  ligament. 
The  ligamentum  hyo-thyroideum  medium  is  attached  below  to  the  notch  on  the 
upper  border  of  the  thyroid  cartilage,  and,  above,  to  the  upper  part  of  the  posterior 
surface  of  the  body  of  the  hyoid  bone.  Owing  to  this  arrangement .  the  thyroid 
cartilage,  when  drawn  upwards,  readily  slips  within  the  circumference  of  the  hyoid 
lim.e.  Behind  this  ligament  is  the  epiglottis,  with  the  mucous  membrane  of  the 
base  of  the  tongue,  separated,  however,  by  adipose  tissue  and  mucous  glands. 
The  tru  mbrana  hyo-thyroidea  connects  the  lateral  part  of  the  lamina  of  the  thyroid 
i  artilage  with  the  great  cornu  of  the  hyoid  bone.  This  membrane  is  thin  and 
loose,  and  is  perforated  by  the  superior  laryngeal  vessels  and  the  internal  branch 
of  the  superior  laryngeal  nerve.  The  ligamentum  hyo-thyroideum  laterale,  placed 
at  the  posterior  limit  of  the  hyo-thyroid  membrane,  is  around  yellowish  cord, 
which  passes  up  from  the  tip  of  the  superior  cornu  of  the  thyroid  cartilage  to  the 
posterior  ext  remity  of  the  great  cornu  of  the  hyoid  bone.  It  frequently  encloses 
a  small  oblong  cartilaginous  nodule,  which  is  named  cartilago  triticea  ;  sometimes 
this  nodule  is  bony. 

In  front  of  the  median  hyo-thyroid  ligament  are  two  bursa) ;  one  of  these 
is  large,  and  extends  from  behind  the  body  of  the  hyoid  bone  downwards  to  the 
notch  on  the  thyroid  cartilage,  the  other,  small  and  not  constant,  lies  in  the 
concavity  on  the  posterior  aspect  of  the  hyoid  bone  and  in  front  of  the  upper 
end  of  the  larger  sac  (Clermont,  '  Les  bourses  niuqueuses  prelaryngees,'  Bibliog. 
anat.,  t.  xv..  1906). 

I  he  thyroid  and  cricoid  cartilages  are  connected  by  a  membranous  ligament 
and  the  capsules  of  a  pair  of  synovial  articulations. 

The  crico-thyroid  membrane  (fig.  144,  9)  is  divisible  into  a  median  and 
two  lateral   portions.     The  median  or  anterior  portion,  broad  below  and  narrow 
above,  is  a  strong,   triangular,  yellowish  ligament,  consisting  chiefly  of  elastic 
tissue,   and  is  attached  below  to  the   upper  border  of  the  anterior  arch  of  the 
cricoid   cartilage,  and,  above,  to  the  median  part   of  the  lower  border  of  the 
thyroid  cartilage.     Its  anterior  surface  is  convex,  is  partly  covered  by  the  crico- 
thyroid muscles,  and  is  crossed  horizontally  by  a  small  anastomotic  arterial  arch, 
formed  by  the  junction  of  the  crico-thyroid  branches  of  the  right  and  left  superior 
thyroid  arteries.    The  lateral  portions  arc  fixed  below  on  each  side  along  the  inner 
edge  of  the  upper  border  of  the  cricoid,  and.  passing  upwards  in  relation  to  the 
membrane  of  the  larynx,  terminate  above  by  becoming  continuous  with 
tin    inferior  thyro-arytenoid  ligaments.    The  whole  of  the  crico-thyroid  mem- 
brane, with  the  last  named  ligaments,  is  sometimes  termed  the  conus  elasticus  (His). 
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The  crico-thyroid  articulations,  between  the  inferior  cornua  of  the 
thyroid  cartilage  and  the  lateral  aspects  of  the  cricoid,  are  two  small  but  distinct 
joints,  having  each  a  ligamentous  capsule  and  a  synovial  membrane.  The 
prominent  oval  articular  surfaces  of  the  cricoid  cartilage  are  directed  upwards 
and  outwards,  while  those  of  the  thyroid  cartilage  look  in  the  opposite  direction. 
The  capsule  is  strengthened  by  several  small  fibrous  bundles,  known  as  the 
cerato-cricoid  ligaments.  The  movement  allowed  is  of  a  rotatory  description, 
the  axis  of  rotation  passing  transversely  through  the  two  joints.  In  addition, 
a  slight  gliding  movement,  forwards  and  backwards,  may  occur. 

Xiig-aments  of  the  epiglottis. — The  blunt  apex  of  the  epiglottis  (petiolus 
epiglottidis)  is  connected  with  the  upper  part  of  the  receding  angle  of  the  thyroid 
cartilage  by  the  thyro-epiglottic  ligament.  The  median  and  two  lateral  folds  of 
mucous  membrane  extending  from  the  front  of  the  epiglottis  to  the  tongue 
contain  some  ligamentous  fibres  (median  and  lateral  glosso-epiglottic  ligaments). 
A  rather  strong  band  of  fibres  passes  from  the  upper  border  of  the  body  of  the 
hyoid  bone  horizontally  backwards  to  the  front  of  the  epiglottis,  forming  the 
hyo-epiglottic  ligament.  Below  this,  is  a  space  bounded  in  front  by  the  median 
thyro-hyoid  ligament,  and  behind  by  the  epiglottis,  and  extending  laterally 
between  the  thyro-hyoid  membrane  and  the  mucous  membrane  of  the  pharynx 
(see  E.  Saint-Martin,  'Region  glosso-thyro-epiglottique,'  Comp>tes  Rendus  de 
V Association  des  Anatomistes,  1911). 

The  li^amenta  ventriculares  consist  of  a  few  slight  elastic  fasciculi,  contained 
within  the  folds  of  mucous  membrane,  forming  the  plicce  ventriculares  (hereafter  to 
be  described),  and  are  fixed  in  front  to  the  angle  between  the  laminae  of  the  thyroid 
cartilage,  somewhat  above  its  middle,  and  close  to  the  attachment,  of  the  epiglottis  ; 
behind,  they  are  connected  to  the  inner  part  of  the  fovea  triangularis  on  the 
antero-lateral  surface  of  the  arytenoid  cartilages.  They  are  continuous  above 
with  scattered  elastic  bundles,  which  reach  upwards  into  the  aryepiglottic  folds, 
and,  forwards,  to  the  sides  of  the  epiglottis.  This  layer  of  elastic  fibres  forms 
on  each  side  the  membrana  quadrangularis. 

The  lig-amenta  vocales  are  formed  of  fine  closely  arranged  elastic  fibres, 
which  are  attached  in  front  to  the  middle  of  the  angle  between  the  ake  of  the 
thyroid  cartilage,  and  behind  to  the  vocal  processes  of  the  arytenoid  cartilages. 
The  inner  edge  of  each  ligament  is  free  and  sharply  defined  between  these  attach- 
ments, and,  covered  by  the  mucous  membrane,  forms  the  plica  vocalis.  In  other 
directions  these  ligaments  are  less  sharply  defined,  for,  in  their  outer  part,  they 
spread  out  both  above  and  below  as  they  pass  backwards.  Below,  the  vocal 
ligament  passes  in  continuity  with  the  cerato-cricoid  ligament,  so  that  it  may 
be  described  as  an  upward  extension  of  this  ligament ;  and  the  vocal  ligament 
may  be  stated  to  be  formed  by  the  superior  free  edge  of  the  crico-thyroid 
membrane. 

The  crico-arytenoid  articulations,  like  the  crico-thyroid,  arc  typical 
diarthrodial  joints,  each  having  a  capsular  ligament,  and  a  synovial  membrane 
and  cavity.  The  articular  surface  on  the  cricoid  has  its  long  axis  directed  from 
above  outwards  and  downwards,  and  a  vertical  section  of  the  joint  in  this  axis 
shows  the  two  opposing  surfaces  of  the  cricoid  and  arytenoid  to  be  Mat.  The  surface 
on  the  cricoid  is  convex  from  before  backwards  and  outwards,  and  the  arytenoid 
shows  a  corresponding  concavity.  From  the  shape  of  the  opposing  surfaces,  the 
joint  may  be  described  as  cylindrical.  The  articular  surface  on  the  cricoid  is  a 
little  larger  than  that  on  the  arytenoid,  and  t  licrc  is  a  small  meniscus  at  the  posterior 
part  of  the  joint.  The  capsule  is  thin  and  lax,  except  behind,  where  it  is  strengi  hened 
by  a  posterior  crico-arytenoid  ligament.     The  movements  of  the  joint  are  free, 
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all(l  ,  movement  round  the  long  axis  of  the  joint,  so  that  the  vocal 

■  the  arytenoid  is  turned  inwards  and  downwards  (flexion),  or  upwards 

and  outwards  (extension);  (6)  a  gliding  movemenl  of  the  arytenoid,  upwards  and 

inwards,  or  downwards  and  outwards  ;  and 
(c)  a  rotation  of  i1"'  arytenoid  on  its  long 
axis,  by  which  the  vocal  process  is  turned 
inwards  or  outwards.  It  is  at  this  joint 
that  the  movements  occur   hv   which   the 


Fig.  147.-Musci.es  of  the  larynx,  as  shown 

is     \   vii:\v   "F   THE    larynx    FBOI1  THE   RIGHT 

ie.     (Sappey.) 

1.  livoid  bone;  2,  3,  its  cornua  ;  4.  right  lamina 
..i  thyroid  cartilage ;  5,  posterior  part  of  the  same 
i  i.\  oblique  line  from  anterior  part ;  6, 
7.  superior  and  inferior  tubercles,  at  ends  of 
oblique  line;  8.  upper  cornu  of  thyroid;  9, 
thyro-hyoid  ligament;  10,  cartilago  tritieea  ;  11, 
lower  cornu  of  thyroid,  articulating  with  the 
.  ii  oid  :  12,  anterior  part  of  cricoid;  13,  erico- 
thyroid  membrane;  14.  crico-thyroid  muscle; 
16,  |" -t.  rior  crico-arj'tenoid  muscle,  partly  hidden 
by  tliyroid  cartilage. 


Fig.  148. — Muscles  of  the  larynx  as  seen 
in  a  view  of  the  larynx  form  behind. 
(Sappey.) 

1,  posterior  crico-arytenoid  ;  2,  arytenoid 
muscle  ;  3,  4.  oblique  fibres  passing  around  the 
edge  of  the  arytenoid  cartilage,  some  of  which 
join  the  thyro-arytenoid,  and  others  form  (5)  the 
aryepiglottic. 


vocal  folds  are  separated  or  approximated  and  rendered  lax,  the  tension  of  the 
d  folds  being  produced  by  a  movement  of  the  crico-thyroid  joints.1 


MUSCLES    OF    THE    LARYNX. 

Besides  certain  exl  i  insic  muscles  elsewhere  described — namely,  the  sterno-hyoid, 
omo-hyoid,  sterno-thyroid,  and  thyro-hyoid  muscles,  together  with  the  muscles 
of  the  supra-hyoid  region,  the  middle  and  inferior  constrictors  of  the  pharynx, 
and  the  9tylo-pharyngeus  and  palato-pharyngeus,  all  of  which  act  more  or  h>ss 
upon  t  hi-  '  ut  in-  larynx — there  are  other  muscles  which  move  the  different  cartilages 
upon  one  another,  and  modify  the  size  of  the  aperture  in  the  larynx  (the 
lima  glottidis)  and  the  state  of  tension  of  the  vocal  ligaments  bounding  the 
ior  pari  of  the  i  ima  glotl  idis.. 

jeles  are  the  crico-thyroid,  the   posterior  crico-arytenoid,  the 
lateral    crico-arytenoid,   the  thyro-arytenoid,   the  arytenoid,  and  the  aryepiglottic, 

1   1  particulars  regarding  this  joint,  consul!  K.  Will.  '  Ueber  die  Art ieulatio  crico-arytenoidea,' 

..  L895 ;  and  Charpj  and  I  lermont,  ' L' articulation  crico-arytenoidienne  et 
Rendu*  <l-  P Association  des  Anatomistes,  1906. 
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together  with  certain  other  slender  muscular  fasciculi.     All  these  muscles,  except 
the  arytenoid  which  crosses  the  middle  line,  are  in  pairs. 

The  crico-thyroid  muscle  (rig.  147,  14)  is  a  short,  thick,  triangular  muscle 
seen  on  the  front  of  the  larynx.  Its  attachment  below  to  the  cricoid  cartilage 
extends  from  the  median  line  a  considerable  way  backwards,  and  its  fibres  passing 
upwards  and  outwards,  and  diverging  slightly,  are  fixed  above  to  the  inferior  border 
of  the  thyroid  cartilage,  and  to  the  anterior 
border  of  its  lower  cornu.  The  latter  portion 
of  the  muscle,  the  fibres  of  which  are  nearly 
horizontal,  is  usually  distinct  from  the  rest. 
Some  of  the  superficial  fibres  are  almost  always 
continuous  with  the  inferior  constrictor  of  the 
pharynx.  The  muscles  of  the  two  sides  are 
separated  from  one  another  in  the  middle 
line  in  front,  leaving  a  small  interval,  which  is 
triangular,  with  the  base  upwards.  The  crico- 
thyroid membrane  is  here  exposed. 

Action. — The  anterior  part  of  the  muscle  contract- 
ing will  approximate  the  cricoid  and  thyroid  cartilages 
in  front.  In  this  action,  the  thyroid  is  fixed  by  the 
extrinsic  muscles  ;  and  the  anterior  part  of  the  cricoid, 
rotating  on  the  axis  which  unites  the  articulations  be- 
tween the  cricoid  and  the  lower  cornua  of  the  thyroid 
is  drawn  upwards,  and  the  part  behind  the  crico-thyroid 
joints  is  depressed,  and  with  it  the  arytenoid  cartilages, 
so  that  the  vocal  ligaments  are  thus  put  on  the  stretch. 
This  stretching  of  the  vocal  ligaments  is  still  further 
assisted  by  the  action  of  the  oblique  fibres,  which, 
acting  from  the  cornu  of  the  fixed  thyroid,  draw  the 
cricoid  cartilage  backwards.  It  is  found,  also,  that 
with  electric  excitation  of  this  muscle  the  anterior  part 
of  the  cricoid  is  raised  towards  the  thyroid.  Paralysis 
of  these  muscles  is  accompanied  by  inability  to  produce 
high  notes. 


The  posterior  crico-arytenoid  muscle 

(fig.  148,  1),  situated  behind,  arises  from  the 
broad  depression  on  the  corresponding  half  of 
the  posterior  surface  of  the  cricoid  cartilage, 
and  its  fibres,  converging  upwards  and  outwards, 
are  inserted  into  the  muscular  process  of  the 
arytenoid  cartilage,  behind  the  attachment  of 
the  lateral  crico-arytenoid  muscle.  The  upper 
fibres  are  short,  and  almost  horizontal ;   the  middle  are  the 


Fig.  149. — Outline  of  the  right  half 
of  the  cartilages  of  the  larynx 
as  seen  from  the  median  aspect, 
with  the  vocal  ligament,  to 
illustrate    the    action     of    the 

CRICO-THYROID         MUSCLE.  (Allen 

Thomson.) 

t,  thyroid  cartilage  ;  c.  cricoid  carti- 
lage ;  a,  right  arytenoid  cartilage  ;  a',  its 
vocal  process  ;  s,  corniculate  cartilage  ; 
c  v,  vocal  ligament ;  the  position  of  the 
lower  cornu  of  the  thyroid  cartilage  on 
the  outside  of  the  cricoid  is  indicated 
by  a  dotted  outline,  and  r  indicates 
the  point  or  axis  of  rotation  of  tho 
cricoid  on  the  cornu  of  the  thyroid  ; 
c  t  h,  a  line  in  the  principal  direction  of 
action  of  the  crico-thyroid  muscle  ;  c  a  p, 
the  same  of  the  posterior  crico-arytenoid 
muscle. 


ongest,   and    run 


obliquely  ;    whilst  the  lower  or  external  fibres  are  nearly  vertical.     Near  their 
insertion,  the  upper  fibres  are  blended  with  the  lower  fibres  of  the  arytenoideus. 

Action. — The  posterior  crico-arytenoid  muscles  draw  the  outer  angles  of  the  arytenoid 
cartilages  backwards  and  inwards,  and  thus  rotate  the  anterior  or  vocal  processes  outwards,  and 
widen  the  rima  glottidis.  Acting  with  the  lateral  crico-arytenoid  muscles,  they  approximate  the 
vocal  cords  (Kanthack).  They  may  also  draw  the  arytenoid  cartilages  apart.  They  come  into 
action  during  deep  inspiration.  If  paralysed,  the  lips  of  the  glottis  approach  the  middle  line, 
and  come  in  contact  during  each  inspiration,  so  that,  severe  dyspnoea  may  be  produced. 
Expiratory  efforts,  however,  are  not  impeded,  and  vocalisation  is  unaffected. 

Variety. — In  connexion  with  the  posterior  crico-arytenoid  muscle  may  bo  mentioned  an 
occasional  small  slip  in  contact  with  its  lower  border — namely,  the  cerato-cricoid  musclo  of 
Merkel.     It  is  a  short  and  slender  bundle,  arising  from  the  cricoid  cartilage  near  its  lower  border, 
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a  little  behind  tin-  inferior  oornu  of  the  thyroid  cartilage,  and  passing  obliquely  outwards  and 
upwards  to  be  inserted  into  tlmt  process.  It  usually  exists  on  one  side  only.  Turner  found  it  in 
out  of  thirty-two  bodies.  It  is  not  known  to  bo  of  any  physiological  significance  (Merkel, 
Anal,  and  Phys.  da  menschl.  Srtmro-  and  Sprach-organs,  Leipzig.  1857  ;  Turner,  in  Month.  Med. 
J  our  mil.  February   I860). 

The  lateral  crico-arytenoid  muscle  (fig.  150,  cr.ar.lat.),  smaller  than  the 

irior,  is  in  a  greal  measure  hidden  by  the  lamina  of  the  thyroid  cartilage.    It 

Lies  along  the  Bloping  upper  border  of  the  cricoid  curtilage,  from  which  it  arises,  its 

origin  extending  as  far  back  as  the 
articular  surface  for  the  arytenoid. 
Its  fibres  pass  backwards  and  up- 
wards, the  anterior  or  upper  ones 
being  necessarily  the  longest,  and 
they  are  attached  to  the  muscular 
process  of  the  arytenoid  cartilage 
and  to  the  adjacent  part  of  its 
anterior  surface. 

This  muscle  is  covered  internally 
by  the  lateral  part  of  the  crico- 
thyroid membrane,  and  externally 
at  its  anterior  part  by  the  upper 
part  of  the  crico-thyroid  muscle. 
The  upper  part  is  in  close  contact, 
and,  indeed,  is  always  more  or  less 
blended  with  the  thyro-arytenoid, 
and  a  few  of  its  fibres  are  con- 
tinuous round  the  outer  side  of 
the  arytenoid  cartilage  with  the 
arytenoideus  muscle. 

Action. — These  muscles,  drawing  the 
muscular  processes  of  the  arytenoids 
forwards  and  downwards,  rotate  the 
vocal  processes  inwards,  and  approximate 
the  plica?  vocales.  They  thus  act 
antagonistically  to  the  posterior  crico- 
arytenoids. 

If  both  posterior  and  lateral  crico- 
arytenoids be  thrown  into  action  simul- 
taneously, the  arytenoids  will  not 
undergo  rotation,  but  will  be  drawn 
inwards,  and  the  rima  glottidis  will  thus 
be  narrowed. 

The  thyro-arytenoid  muscle 

(fig.  150) — Under  this  name  is  often 
included  a  mass  of  muscular  tissue 
which,  although  containing  bundles 
of  muscular  fibres  differing  in  posi- 
tion, attachments,  and  function,  does 


150. — Side  view  of  the  larynx  after  removal 

OF  THE    RIGHT    LAMINA  OF    Till:    THMlolD   CARTILAGE. 

(S.  G.  Shattock.) 

h,  body  of  hyoid  bone,  cut;     e,   epiglottis  ;    Ih,   cut 

surface  of  right  lamina  of  thyroid  cartilage  ;     cr,  front  of 

cricoi'i  ■  .    t  lie    articular    facet    for  the   inferior 

oornu  of  the  thyroid  is  seen  posteriorly  ;     th.ar,   th.ar, 

tA    the    th\  n>- arytenoid  (outer  portion)    passing 

the  tliynml   in    front    to  the   arytenoid    behind; 

tli.nr',  others  arising  from  the  crico-thyroid   membrane; 

another  considerable  mass  of  fibres  is  seen  arising  from 

the  same  parts,  and  passing  at  first  obliquely  and  after- 

-  nearly  v  upwards  as  the  thyro-epiglottao 

muscle-,  tli.'ji.;  (A.or.m,  small  thyro-arytenoid ;   th.ar.tn', 

a  small  slip  inn-  muscle  passing  into  tin-  ven- 

trii  alar  told  ;    or.ar.lat,  lateral  crico-arytenoid  :    cr.ar.p, 

Qoid    ;  r.ur.i  p.    right    aryepiglottio 

n ;    Lar.ep,  left    aryepiglottio  near 

■ii  ;    l.ar.ep',    portion    >>t    the    same  inserted 

/..  Eat  :     >,   appendix    covered  by 

mucous  glands. 


not  admit  on  dissection  of  separation 

independent  muscles.     The  mass  may,  however,  be  conveniently 

subdivided  into  the  musculus  vocalis,  the  musculus  thyro-arvtenoideus,  and  the 

musculus  ventricularis.     The  musculus  vocalis  is  often  described  as  the  musculus 

thyri  urns.    It  appears,  on  coronal  section,  as  a  triangular  bundle, 
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projecting  towards  the  cavity  of  the  larynx  just  lateral  to  the  vocal  ligament. 

The  fibres  arise  from  the  thyroid  cartilage  external  to  the  vocal  ligament,  and  also 

from    a    small    yellow    nodule 

(macula  flava,   or    cartilage    of 

Luschka)  in  the  anterior  part  of 

this  ligament,  and  are  inserted 

into  the  front  and  lateral  aspects 

of    the   vocal   process    of    the 

arytenoid  cartilage.  Some  of  the 

innermost  fibres  are  described 

by  some  anatomists  as  arising 

from   the    vocal  ligament  and 

passing  backwards  to  the  vocal 

process. 

The  musculus  ihyro-aryte- 
noideus  lies  laterally  to  the  vocal 
muscle,  and  is  often  termed 
the  lateral  thyro  -  arytenoid. 
Its  fibres  arise  from  the 
thyroid  cartilage,  close  to  the 
origin  of  the  internal  portion, 
and  from  the  crico  -  thyroid 
membrane  ;  from  here,  they  in 
part  pass  backwards  to  be 
inserted  into  the  lateral  border 
and  muscular  process  of  the 
arytenoid  cartilage.  The  mus- 
culus ventricularis  consists  of 
scattered  bundles  of  oblique 
fibres,  which  arise  from  the 
thyroid  cartilage  above  the 
muscles    just     described,    and 

and    backwards 

ventricularis. 


pass   upwards 
into  the  plica 


Action. — The  bundles  of  the 
thyro-arytenoid  muscle,  differing  as 
they  do  in  direction  and  in  points 
of  attachment,  must  differ  also  in 
their  action,  if  separately  called  into 
play.  The  antero-posterior  fibres 
will  tend  to  draw  forwards  the 
arytenoid,  and  with  it  the  posterior 
part  of  the  cricoid  cartilage,  rotating 
the  latter  upwards,  and  antagonising 
the  action  of  the  crico-thyroid,  the 
effect  being  to  relax  the  vocal  liga- 
ment. But  if  the  latter  be  kept 
stretched  and  approximated  by  the 
action  of  other  muscles,  those  fibres 
of  the  inner  portion  which  are  in 
close  contact  with  the  vocal  ligament 
may  serve  to  modify  its  elasticity  and 


Fig.    151. — A    coronal   section   of   part   of   the   r,  vkynx 

PASSING    THROUGH    THE    MIDDLE    THIRD     OF     THE     GLOTTIS. 

Magnified  eight  diameters.      (W.  L.  II.  Duckworth.) 

C.T.,  thyroid  cartilage;  C.C.R.,  cricoid  cartilage ;  M.v., 
musculus  vocalis ;  M.t  a.,  musculus  thyro-arytenoideus ; 
M.C.a.l.,  musculus  crico-arytenoideus  lateralis;  M.C.T., 
musculus  crico-thyroideus ;  M.,  muscular  fibres  in  plica 
ventricularis;  LG.  VN.,  ligamentum  ventrioulare  j  Gel., 
conus  elasticus  ;  GL.,  glands  in  plica  ventricularis.  The  area 
of  the  mucous  membrane  between  the  two  annus  above 
and  below  the  glottis  is  covered  with  stratified  squamous 
epithelium. 


consistence,  while  the  fibres  which 
constitute  the  portio  ary-voealis  may  serve,  as  Ludwig  has  pointed  out,  to  tighten   the    parts 
of  the  cord  in  front  of  their  attachment,  and  to  slacken  tho  parts  behind.     The  vertical  fibres 
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of  the  muscle  which  extend  from  the  doping  part  of  the  cricothyroid  membrane  across  the 
[the  vocal  fold,  and  over  the  \  entricle  into  tin-  plioa  ventricularis,  must,  when  they  contract, 
render  the  free  edge  more  promini  at.  Finally,  the  fibres  which  are  inserted  into  the  muscular 
is  and  outer  Burface  of  the  arytenoid  will  tend  to  draw  forwards  and  rotate  inwards  the 
arytenoid  cartilage,  and  those  «  bioh  pass  up  into  the  aivij>ii;l<>tti  •  folds  may  assist  in  depress- 
ing the  epiglotl  i~. 

If  the  thyro-arytenoid  muscles  are  paralysed,  the  lips  of  the  glottis  are  no  longer  parallel, 
but  are  curved  with  the  concavity  towards  one  another,  and  a  much  stronger  blast  of  air  is 
required  for  tin-  production  of  the  voice. 

Santorini  described  time  thyro-arytenoid  muscles:  an  inferior,  a  middle,  and  a  superior. 
The  latter  is  oof  always  present.  The  inferior  thyro-arytenoid  muscle  of  Santorini  comprises 
most  of  tin-  antero- posterior  bundles  :  the  middle  thyro-arytenoid.  the  oblique  bundles  of  the 
i  sterna]  portion.  The  libres  of  the  superior  fasciculus,  when  present,  arise  nearest  to  the 
notch  of  tin-  thyroid  cartilage,  and  are  attached  to  the  upper  part  of  the  base  of  the  arytenoid 
cartilage  (tig.  150,  th.arm.).  This  is  named  by  Soemmering  the  small  thyro-arytenoid.  whilst  the 
two  other  portions  of  the  muscle  constitute  the  great  thyro-arytenoid  of  that  author. 

Arytenoideus  muscle. —  When  the  mucous  membrane  is  removed  from  the 
back  of  the  arytenoid  cartilages,  a  thick  band  of  transverse  fibres  is  laid  bare 
(fig.  L48,  2),  and  on  the  dorsal  surface  of  this  are  seen  two  slender  decussating 
oblique  bundles  (3,  4). 

The  transverse  and  oblique  fibres  are  often  described  as  separate  muscles 
(arytenoid  and  aryepiglottic),  but  the  two  sets  of  fibres  are  intimately  blended. 
Mosl  of  the  anterior  or  ventral  fibres  pass  straight  across  between  the  arytenoid 
cartilages,  and  arc  attached  to  about  the  outer  half  of  the  concave  surface  on  the 
back  of  each.  The  dorsal  fibres  can  be  traced  into  the  lateral  walls  of  the  larynx, 
the  uppermost  fibres  to  the  cartilages  of  Santorini,  the  intermediate  fibres  ran 
partly  independently  and  partly  with  the  uppermost  fibres  of  the  thyro-arytenoidei 
into  the  inner  and  outer  walls  of  the  appendices  of  the  larynx,  forming  the  so-called 
aryepiglottic  muscles,  and  the  lowest  fibres  blend  at  the  level  of  the  vocal  folds 
with  the  thyro-arytenoid  and  lateral  crico-arytenoid  muscles. 

Action. — The  arytenoid  muscle  draws  the  arytenoid  cartilages  together,  and,  from  the 
structure  of  the  crico-arytenoid  joints,  this  approximation,  when  complete,  is  necessarily 
ipanied  bj  depression.  If  the  muscle  is  paralysed,  the  intercartilaginous  part  of  the 
glottis  remains  patent,  although  the  membranous  lips  can  still  be  approximated. 

The  superior  aperture  of  the  larynx  has  been  generally  supposed  to  be  closed  during  the  act  of 
deglutition  by  the  descent  i  >f  the  upper  free  end  of  the  epiglottis  as  a  lid  over  the  opening.  From 
observations  made  by  Stuart  and  McCormack  ('  The  Position  of  the  Epiglottis  in  Swallowing,' 
I  not,  and  Phys.,  \  i  1.  xxvi.),  it  has  been  shown  that  this  is  not  the  case  :  the  epiglottis 
projecting  upwards  in  close  contact  with  the  base  of  the  tongue.  According  to  Stuart  ('On 
th.  Mei  nanism  of  the  Closure  of  the  Larynx,'  Proe.  Roy.  Soc.  London,  1892),  it  is  effected  by 
the  two  arytenoid  cartilages  beiiej  drawn  together  and  also  forwards,  so  that  their  upper 
ends  are  brought  in  contact  with  the  posterior  surface  of  the  epiglottis.  These  movements  of 
the  .i  artilages  are  produced  by  the  contraction  of  the  arytenoid  and  thyro-arytenoid 

raus' 

It  i  remarked  by  Henle  that  the  muscles  'which  lie  in  the  space  enclosed  by  the  laminae 
■  >f  the  thyroid  cartilage,  and  above  the  cricoid,  maybe  regarded  in  their  totality  as  a  kind  of 
sphim  [  as  is  found  in  its  Bunplesf  form  embracing  the  entrance  of  the  larynx  in  reptiles.' 

In  the  human  larynx,  there  is  a  marked  predominance  of  adductor  over  abductor  fibres  (acting 

upon  the   vocal   folds). 

I    WTM     I.AKYNT.IS. 

Cavum  larynuis. — The  cavity  of  the  larynx  is  divided  into  an  upper  and  a 

r  compartment  by  the  aperture  of  the  glottis  or  rima  glottidis,  consisting  of 

an  anterior  pars  ivt<  in><  inlnniacca  and  a  posterior  pars    intercartUaginea.     The 

!  margins  <>f  the  pars  intermembranacea  are  formed  by  the  plica?  vocales,  and 

the  ;  rtilaginea  by  the  vocal  processes  and  by  the  inner  aspects  of  the 
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bases  of  the  arytenoid  cartilages  (see  fig.  157).  The  upper  compartment  consists 
of  the  vestibule,  which  extends  from  the  aditus  to  the  rima  vestibuli,  or 
aperture  between  the  plicae  ventricularis,  and,  below  this  rima,  of  a  cavity  which 
extends  on  each  side  into  a  lateral  recess  or  ventriculus  laryngis,  bounded  above 
by  the  plica  ventricularis  and  below  by  the  plica  vocalis.  From  the  ventricle, 
a   blind   pouch  extends  upwards,  lateral  to   the  plica  ventricularis,  called  the 


Fig.  152. — Median  section*  of  the  larynx 
and  the  upper  part  of  the  trachea,  with 
a  view  of  the  interior  of  their  right 
halves.      (Sappey.) 

1,  ventricle ;  2,  plica  ventricularis,  and  3, 
plica  vocalis  ;  4,  arytenoid  cartilage  covered  with 
mucous  membrane ;  5,  arytenoid  muscle  cut 
across  ;  6,  slope  of  crico-thyroid  membrane  lead- 
ing up  to  ligamentum  vocale  ;  7,  8,  sections  of 
cricoid  ;  9,  its  upper  border  ;  9',  its  lower  border  ; 
10,  section  of  thyroid  ;  11,  upper  part  of  larynx  ; 
12,  13,  glandular  prominence  in  aryepiglotti<- 
fold  ;  14,  16,  epiglottis  ;  15,  fat  between  it  and 
the  thyro-hyoid  membrane  ;  17,  section  of  epi- 
glottis; 18,  section  of  hyoid  bone;   19,  20,  trachea. 


Fig.  153. — Anterior  half  of  a  coronal  section 
through  the  larynx  near  its  middle. 
(Allen  Thomson.) 

1,  upper  division  of  the  laryngeal  cavity  ;  2, 
central  portion  ;  3,  lower  division,  continued  into 
4,  trachea  ;  e,  the  free  part  of  the  epiglottis ;  e',  its 
cushion  ;  h,  great  cornu  of  the  hyoid  bone  ;  lit, 
thyro-hyoid  membrane  ;  t,  thyroid  cartilage  ;  c, 
cricoid  cartilage ;  r,  first  ring  of  the  trachea ; 
ta,  thyro-arytenoid  muscle ;  vl,  inferior  thyro- 
arytenoid ligament  in  the  plica  vocalis  :  s,  the 
ventricle ;  above  this,  the  plica  ventricularis  ; 
s',  the  appendix  ventriculi  opened  on  the  right 
side  by  carrying  the  section  farther  forward. 


appendix  ventriculi  laryngis.  The  lower  compartment  passes  inferiorly  into  the 
cavity  of  the  trachea  without  any  constriction  between  them.  The  whole  of  the 
larynx  is  lined  with  mucous  membrane. 

The  aditus  larynsis,  or  superior  aperture  of  the  larynx,  when  open,  is 
triangular,  wide  in  front  and  narrow  behind,  the  lateral  margins  sloping  obliquely 
downwards  and  backwards.  It  is  bounded  in  front  by  the  free  uppeT  bonier  of 
the  epiglottis  (fig.  154,  A,  e,  and  fig.  155,  a) ;  behind,  by  the  summits  of  the  arytenoid 
cartilages  (fig.  154,  B,  a)  and  corniculat;i>  (,s),  with  the  angular  border  of  mucous 
membrane  crossing  the  median  space  between  them,  and  on  the  sides  by  two  folds 
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..f  mucous  membrane,  the  aryepiglottic  folds,  which,  enclosing  a  few  ligamentous 
and  muscular  fibres  and  the  cuneiform  cartilages  (fig.  154,  B,  w),  pass  forwards 
from  the  tips  <>f  the  arytenoid  cartilages  and  corniculat»  to  the  lateral  margins  of 

epiglottis  (tig.    I.V..   S.  '.'.    HM. 


Fig    164    -Three  i  auyngoscopic  views  of  the  superior 

MI  I'.TIUE   OF  THE    LARYNX    AND    SURROUNDING    FASTS 
I  \      I  1     STATES     OF   THE    GLOTTIS    DURING  LIFE. 

ermak.) 

I.  tin    glottis  during  t lit-  emission  of  a   high   note   in 

B      :  easy  or  quiet  inhalation  of  air.     C,  in  the 

■  it   ui.l.-t   possible  dilatation,  as  in  inhaling  a  very 

p  breath.    The  diagrams  A',  B'.  C,  have  been  added  to 

Czermak's    figures  to  show,   in  horizontal    sections  of    the 

lition  of  the  vocal  ligaments  and  arytenoid 

in  the    three  several  states    represented  in  the 

r    figures.      In    all    the    figures,  so   far  as  marked,   the 

letters   indicate  the  parts  as  follows,  viz.:  /.the  base  of 

the  tongue ;    e,  the    upper    free  part  of    the    epiglottis ; 

e',  the  tubercle  or  cushion   of  the  epiglottis;     ph.   part 

of  the   anterior  wall    of    the    pharynx   behind   the  larynx; 

in    the    margin  of   the  aryepiglottic  fold,  v.  the  swelling 

ol   the  membrane  caused   by  the  cuneiform  cartilage ;  s, 

that  of  the  corniculum  :  ".  the  tip  of  the  arytenoid  carti- 

.  the  plica  vooales;  cvs,  the  plica'  ventriculares; 

bride  of    the    larynx;    in    C.    t    r    is 

I  on  the  anterior   wall  of  the  receding  trachea,  and 
/<  indical  mmencement  of  the  two  bronchi  beyond 

,    which  may   be  brought  into  view  in  tlin 
e  dilatation. 


lii..   155. — Perspective  view   of  the    rn\- 

RYNGEAL     OPENING      INTO      THE       LARYNX 
FROM        ABOVE       AND        BEHIND.  (Allen 

Thomson.) 

The  superior  aperture  has  been  much 
dilated  ;  the  glottis  is  in  a  moderately  dilated 
condition  ;  the  wall  of  the  pharynx  is  opened 
from  behind  and  turned  to  the  sides.  1,  body 
of  the  hyoid  bone  ;  2,  small  cornua  ;  3,  great 
cornua  ;  4.  cornua  of  the  thyroid  cartilage  ; 
6,  membrane  of  the  pharynx  covering  the 
posterior  surface  of  the  cricoid  cartilage;  6, 
gullet ;  7.  trachea  :  8.  projection  caused  by 
the  cartilage  of  Santonin ;  9,  the  same 
belonging  to  the  cartilage  of  Wrisberg  ;  10, 
aryepiglottic  fold;  11,  cut  margin  of  the 
wall  of  the  pharynx  ;  a,  free  part  of  the  epi- 
glottis; a',  its  lower  pointed  part  ;  a',  the 
cushion  ;  6,  eminence  on  each  side  over  the 
appendix  of  the  larynx  ;  6',  the  ventricles;  c, 
the  rima  plottidis ;  the  lines  on  each  side 
point  to  the  pliei    vocales. 


When  the  superior  aperture  is  closed  during  the  act  of  deglutition,  it  presents, 

rdingto  Anderson  Stuart  and  Me< 'onnack.1  a  T-shaped  fissure.     The  transverse 

of  the  T  is  slightly  curved,  with  the  convexity  forwards,  and  is  bounded  in 

by  the  epiglottis,  and  behind  by  the   aryepiglottic  folds.     The  vertical  limb 


'  The  Position  of  the  Epiglottis  in  Swallowing,'  Jour.  Anat.  and  Phys..  vol.  xxvi..  1S92. 
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of  the  T  is  represented  by  a  median  fissure,  extending  from  the  epiglottis  in  front 
to  the  inter-arytenoid  fold  behind,  and  bounded  at  the  sides  by  the  arytenoid 
cartilages. 

Vestibulum  laryng-is. — The  anterior  wall  of  the  vestibule  is  formed  by 
the  epiglottis,  and,  in  conformity  with  the  shape  of  this  cartilage,  it  is  triangular  with 
the  apex  below  ;  a  groove  on  each  side  indicates  the  position  of  the  lateral  margin 
of  the  cartilage.  The  lateral  walls  extend  froni  the  plicse  aryepiglotticse  to 
the  plicae  ventriculares,  and  contain  the  appendices  of  the  ventricles.  In  the 
low  posterior  wall  are  the  upper  parts  of  the  arytenoid  cartilages  and  the 
inter-arytenoid  fold. 

The  plicae  ventriculares — also  called  the  false  vocal  cords,  because  they  are 
not  immediately  concerned  in  the  production  of  the  voice — are  rounded  folds  of 
mucous  membrane  extending,  one  on  each  side  of  the  rima  vestibuli,  from  the 
thyroid  to  the  arytenoid  cartilages,  and  containing  some  elastic  tissue  (ligamenta 
ventricularia),  mucous  glands,  and  muscular  fibres.  They  form  somewhat  arched 
projections  immediately  above  the  corresponding  ventricle.  The  latter  is  seen 
on  looking  down  into  the  laryngeal  cavity,  the  plicse  ventriculares  being  farther 
apart  than  the  plica?  vocales. 

Wylie  showed  (Edin.  Med.  Journal,  1866)  that  when  the  plicse  ventriculares  are  simply 
approximated,  and  air  is  injected  into  the  larynx  from  below,  they  prevent  the  exit  of  the  air, 
and  he  held  that  the  closure  of  the  glottis  in  defalcation  and  vomiting  is  mainly  effected  by 
their  apposition.     His  experiments  have  been  confirmed  by  Brunton  and  Cash. 

The  glottis  is  the  tongue-like  projection  towards  the  cavity  of  the  larynx, 
which  is  specially  concerned  in  the  production  of  voice.  On  coronal  section  (fig.  151), 
it  is  seen  to  form  a  triangular  mass,  with  a  free  upper  surface  forming  the  floor 
of  the  ventricle,  a  free  sloping  median  surface  looking  inwards  and  downwards, 
and  a  lateral,  nearly  vertical,  attached  boundary.  The  mucous  membrane  covering 
the  angle  between  the  upper  and  the  inner  surface  is  the  plica  vocalis,  the  elastic 
ligament  immediately  adjacent,  the  ligamentum  vocale,  and  the  muscular  fibres 
just  external  to  the  ligament,  the  musculus  vocalis.  The  mucous  membrane 
covering  the  ligamentum  vocale  is  so  thin  and  closely  adherent  as  to  show  the 
yellowish  colour  of  the  ligament  through  it.  Near  its  anterior  extremity,  the  plica 
shows  a  slight  swelling — due  to  the  nodule  of  elastic  tissue,  described  by  Luschka 
— and  another  prominence  marks  the  position  of  the  apex  of  the  processus  vocalis. 

Taguchi l  gave  the  following  data  for  the  determination  of  the  position  of  the 
plicse  vocales  and  plicse  ventriculares  in  relation  to  the  anterior  aspect  of  the  thyroid 
cartilage.  The  plicse  vocales  are  attached  to  the  thyroid  cartilage,  close  to  one 
another  :  in  the  male  8-5  mm.,  and  in  the  female  6*5  mm.,  below  the  bottom 
of  the  median  notch  on  the  upper  border  of  the  thyroid  cartilage.  The  plicse 
ventriculares  are  4  mm.  apart  at  their  anterior  attachment,  and  2*5  mm. 
higher  than  the  plicse  vocales  (see  fig.  158). 

The  rima  glottidis,  an  elongated  aperture,  situated  anteriorly,  between  the 
plicse  vocales  (pars  intermembranacea),  and  posteriorly,  between  the  bases  of  the 
arytenoid  cartilages  (pars  intercartilaginea),  varies  in  its  size  and  shape  according 
to  the  position  of  its  lateral  boundaries.  In  phonation,  the  part  between  the  vocal 
folds  is  a  long  narrow  slit,  while  that  bounded  by  the  arytenoid  cartilages  forms 
a  small  triangular  aperture  (fig.  154,  A').  When  moderately  open,  as  in  easy  respira- 
tion, its  shape  is  that  of  a  long  triangle,  the  pointed  extremity  being  directed 
forwards,  and  the  base  being  behind,  between  the  arytenoid  cartilages  (tig.  154,  B') ; 
in  its  fully  dilated  condition,  as  in  deep  inspiration,  it  is  lozenge-shaped  (the  posterior 

i  s  Beitrage  zur  topographischen  Anatomio  des  Kehlkopfes,'  Arch.  f.  Anat.,  1889. 
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sides  being  Conned  by  the  inner  Bides  of  the  bases  of  the  arytenoid  cartilages), 
while  the  posterior  angle  is  truncated  (>').  The  rima  glottidis  is  the  narrowest 
pari  of  the  ulterior  of  the  larynx  ;  in  the  adull  male  it  measures  aboul  23  mm., 
or  nearly  an  inch,  in  an  antero-posterior  direction,  and  6  mm.  or  8  mm.  across  at 
its  widest  part,  which  may  be  dilated  to  nearly  12  nun.  In  the  female,  and 
in  males  before  the  age  of  puberty,  its  dimensions  are  loss:  its  anteroposterior 
diameter  being  about  17  mm.  and  its  transverse  diameter  about  4  mm.  The 
A  folds  are  about  15  mm.  long  in  the  adult  male  and  11  mm.  in  the  female. 


Pomum    Allium 


Ippendix  ventriculi  laryngia 
I'l <<  a  r<  utricular!* 
Plica  vocalis 

Musculus  rcntriiularis 


f 
,    /''IS 


.  I  rytt  tioid  cartilage 
""  piriformis 


5W 


-•     * 


si  i  rno-mastoid  muscle 


Common  carotid  artery 
i 
Inferior  constrictor  of  pharynx 
Laryngeal  part  of  pharynx 

Fro.  lf>t>.— Horizontal   section   of   the   larynx,   pharynx,    etc.,  of  an   adult  male.     Natural  size. 

(J.  Symington.) 

larnyx  is  divided  near  the  upper  part  of  the  lamina;  of  the  thyroid  cartilage  and  opposite  the  plicte 
yentriculai 

Ventriculi  laryngris.—  The  ventricles  of  the  larynx  are  lateral  recesses,  one 
on  each  side,  extending  outwards  between  the  ventricular  and  vocal  folds.     Each 

i  icle  is  of  a  somewhat  oval  form  with  the  long  axis  horizontal ;  it  begins  just 
behind  the  isthmus  of  the  thyroid  cartilage  and  reaches  backwards  to  the  front 
of  the  arytenoid  cartilage.  The  lateral  wall  of  the  ventricle  is  separated  from  the 
lamina  of  the  thyroid  cartilage  by  some  fibres  of  the  thyro-arytenoideus  muscle. 

The  appendices  of  the  ventricles  (figs.  153  and  156)  lead  from  the  anterior 
pari    of  the  ventricles  upwards,  for   the  space   of  half   an   inch,   between  the 

tri(  ul.ir  Eolds  ami  the  thyroid  cartilage,  reaching  as  high  as  the  upper  border 
of  thai  cartilage,  and  nearly  to  the  level  of  the  aryepiglottic  folds.  The  pouch, 
which  is  of  variable  size,  is  conical  in  shape,  and  curved  slightly  backwards.  Its 
opening  into  the  ventricle  is  narrow,  and  is  generally  marked  by  two  folds  of 
the  lining  mucous  membrane.  Numerous  small  mucous  glands,  sixty  or  seventy 
in  number,  open  into  its  interior,  and  it  is  surrounded  by  a  quantity  of  fat,  and 
by  a  fibrous  investment,  which  is  continuous  with  the  ventricular  ligament. 

The  upper  fibres  of  the  thyro-arytenoid  muscles  pass  over  the  outer  side  of  the 
pouch,  a  few  being  attached  to  its  lower  part.  The  appendix  is  supplied  abundantly 
with  nerves,  derived  from  the  superior  laryngeal. 

Tin    appendix  <>f  the  ventricle  may  extend  beyond  the  upper  border  of  the  lamina  of  the 
:  irn  outwards  through  the  thyro-hyoid  membrane,  and  appear  on  the  lateral 

t   "f  the  larynx.     Such  cases  are  comparatively  rare.     The  tirst  definite  record  of  this 
irs   to   have  been    made  by  Bennel    ('.Malformation  of  the   Larynx,'    Quar. 
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Jour.  Medical  Science,  1865).  Subsequently,  Gruber  (Arch.  f.  Anat.,  1874;  and  Beobach- 
tungen  aus  d.  mensch.  u.  vergleich.  Anatomie,  1879)  reported  several  cases.  Sclavunas  ('  Ueber 
die  Ventricularsacke  des  Kehlkopfes  beim  erwachsenen  und  neugeborenen  Mcnschen  sowie  bei 


Thyroid  cartilage 


Musculus  vocalis 
Plica  vocalis 
Thyro-arytenoid  muscle 


Arytenoid  cartilage 

Thyroid  gin  nd 

Common  carotid 
artery 


Inferior  constrictor  of  pharynx 
Laryngeal  part  of  ■pharynx 
Arytenoideus  muscle 

Fig.  157. — Horizontal   section  of  the    larynx,    pharynx,    etc.,   of    an    adult    male.     Natural  size. 

(J.  Symington.) 

The  larynx  is  divided  towards  the  lower  part  of  the  laminae  of  the  thyroid  cartilage  and  opposite  the 
plica?  vocales. 

einigen  Alien,'  Anat.  Anzeiger,  Bd.  xxiv.;  1904)  has  collected  reports  of  ten  cases,  to  which  he 
has  added  three  observed  by  himself.     Such  extra-laryngeal  extensions  of  the  ventricular  ap- 
pendices are  normal  in  many  apes,  and  may  attain  a  very  large  size,  extending  down  the  neck 
over  the  clavicle  and  between  the  two  heads  of  the 
great  pectoral  muscle  into  the  axilla.     This  great  air- 
sac  may  be  connected  with  one  appendix  only,  although 
it  extends  down  both  sides  of  the  median  plane.    The 
blind  end  of  the  appendix  sometimes  passes  upwards, 
lateral  to  the  aryepiglottic   fold,  and  behind  the  body 
of  the  hyoid  bone,  so  as  to  lie  close  to  the  floor  of  the 
glosso-epiglottic  fossa. 

The  part  of  the  laryngeal  cavity  below  the 
rima  glottidis  is  markedly  compressed  from 
side  to  side  at  its  upper  end,  owing  to  the  promi- 
nence of  the  glottis  ;  but  it  gradually  expands, 
and,  opposite  the  ring  of  the  cricoid,  is  nearly 
circular.  It  terminates  opposite  the  lower 
border  of  the  cricoid  cartilage  by  becoming- 
continuous  with  the  lumen  of  the  trachea. 


Fig.  158. — Anterior  aspect  of  thyroid 
cartilage  to  show  points  opposite 
which  the  vocal   and  ventric1  l  \ 

LIGAMENTS  ARE  ATTACHED.  (Taguclli.) 

a,  bottom  of  thyroid  notch  ;  c  and  </' 
opposite  attachment  of  the  ventriculai 
folds;  [>,  opposite  attachment  of  the  vocal 

folds. 


A.  Gerlach  '  made  a  series  of  experiments  on  the 
cadaver  to  ascertain  the  influence  of  the  contraction 
of  the  intrinsic  muscles  of  the  larynx  upon  the  size 
of  the  laryngeal  cavity.  He  found  that  the  greatest 
diminution  of  the  cavity  was  produced  by  a  simul- 
taneous contraction  of  the  crico-thyroids,  the  lateral 
crico- arytenoids,  and  arytenoid  muscles;  and  tin 
the  two  posterior  crico-arytenoids.  Contraction  of  the  crico-thyroids  and  (lie  lateral  crico- 
arytenoids effected  the  greatest  narrowing  of  the  rima  glottidis,  and  the  rima  was  most  fully 
opened  by  the  action  of  the  posterior  crico-arytenoids  and  the  arytenoid  muscles. 

1  '  Zur  Anatomic  des  Cavum  laryngis  des  Menschen,'  Anatomische  Hefte,  Heft  xl\  L,  1900. 


greatest  increase   l>y  (he  contraction  of 
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j  Hi:  Ml  COUB  MEMBRAN1  .  VKSSKl.S.  AND  NKKVKS  OF  THE  LARYNX. 

The  laryngeal  mucous  membrane  is  thin  and  of  a  pale  colour.  In  some 
situations  it  adheres  intimately  fco  the  Bubjacent  parts — especially  on  the  epiglottis, 
ami  still  mure  in  passing  over  the  vocal  folds,  on  which  it  is  very  thin  and  most 

ly  adherent.      \l t   the  upper  part  of  the  larynx,  above  the  glottis,  it  is 

extremely   sensitive.     In  and  near  the  aryepiglottic  folds,  it  covers  a  quantity 

of  loose  areolar  tissue,  which  is  liable  in 
disease  to  infiltration,  constituting  oedema  of 
the  glottis.  Like  the  mucous  membrane  in 
the  rest  of  the  air-passages,  that  of  the  larynx 
is  covered  in  the  greater  part  of  its  extent 
with  a  columnar  ciliated  epithelium,  by  the 
vibratory  action  of  which,  the  mucus  is  urged 
upwards ;  but  over  the  vocal  folds  it  is  pro- 
vided with  stratified  squamous  epithelium. 
In  the  submucous  tissue  there  are  numerous 
glands  which  secrete  an  abundant  mucus, 
and  the  orifices  of  which  may  be  seen  almost 
everywhere,  excepting  upon  and  near  the 
plicae  vocales.  They  abound  particularly 
upon  the  epiglottis — in  the  substance  of 
which  are  found  upwards  of  fifty  small 
compound  glands,  some  of  them  perforating 
the  cartilage.  Between  the  anterior  surface 
of  the  epiglottis,  the  hyoid  bone,  and  the 
root  of  the  tongue  is  a  mass  of  yellowish  fat, 
erroneously  named  the  epiglottic  gland,  in  or 
upon  which  some  small  glands  may  exist. 
Another  collection  of  glands  is  placed  within 
the  fold  of  mucous  membrane  in  front  of 
each  arytenoid  cartilage,  from  which  a  scries 
may  be  traced  forwards,  along  the  corre- 
sponding ventricular  fold.  The  glands  of 
the  laryngeal  pouches  have  already  been 
noticed. 

Blood  -  vessels,     lymphatics,     and 

nerves     of    the    larynx. — The    arteries 

of  the  larynx  are   derived   from  the   superior  thyroid  (a  branch  of  the  external 

nl).   and    trom    the    inferior    thyroid   (a    branch  of   the    subclavian).      The 

veins  join  the  superior,  middle,  and  inferior  tin/roil  veins. 

The  lymphatics  of  1  he  larynx  are  divisible  into  an  upper  and  a  lower  set :  the 

line  of  separation  between  the  two  being  the  plicae  vocales.  in  which  the  lymphatic 

■rv  feebly  developed.    The  upper  set  is  very  abundant  in  the  ventricular 

fold-,  the.  walls  of  the  ventricles  and  their  appendices,  and  the  posterior  surface 

of  the  epiglottis.     Three  to  six  afferent  vessels  on  each  side  pierce  the  corresponding 

■  ■id  membrane  in  close  relation  to  the  superior  thyroid  vessels,  and  pass 

to  deep  ccr\  ical  glands  situated  near  I  he  bifurcation  of  the  common  carotid  artery. 

.-mall  afferent  vessels  from  the  lower  set  of  lymphatics  pierce  the  crico-thyroid 

mbrane,   and   end   in  one  or  two   small  glands  often  found  in  front  of  that 

mbrane,   or  pass  to  some  pre-tracheal  glands ;    but  the   larger  afferent  vessels 


Fiq.  1">:». — Posterior  view  of  the  nerves 

OF    THE    LARYNX.       (Sappey.) 

1.  superior  laryngeal  nerve;  2,  its  extern.  J 
branch;  3,  4,  5,  branches  to  the  mucous 
membrane  of  the  larynx;  6,  filaments 
uniting  the  left  superior  and  inferior 
laryngeal  nerves  ;    7.  the  same  on  the  right 

.  cut;  8,  s.  inferior    laryngeal   nerves; 

9,   branch  to  the    posterior    crico-arytenoid 

muscles;    10,  branch  to  the  arytenoid;   11. 

1  Li.  i  to  the    lateral   ei  ico. 

:  the  thyro-arytenoid  muscles. 
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issue  from  the  larynx  below  the  cricoid  cartilage,  and  end  in  glands  on  the  side 
of  the  trachea. 

The  nerves  are  the  superior  and  inferior  largyneal  branches  of  the  vagi,  joined 
by  filaments  of  the  sympathetic.  The  internal  branch  of  the  superior  larygneal  is 
sensory  to  the  mucous  membrane,  and  contains  also  the  vaso-motor  and  secretory 


Fig.  160. — Outline  showing  the  general  fokm 
of  the  larynx,  trachea,  and  bronchi,  as 
seen  from  before.  One-third  natural  size. 
(Allen  Thomson.) 

h,  the  great  cornu  of  the  hyoid  bone ;  e, 
epiglottis  ;  t,  superior,  and  t ',  inferior  cornu  of  the 
thyroid  cartilage  ;  c.  middle  of  the  cricoid 
cartilage  ;  t  r,  the  trachea,  showing  sixteen  carti- 
laginous rings ;  b,  the  right,  and  b',  the  left 
bronchus.  In  this,  and  also  in  the  succeeding 
figure,  the  right  bronchus  is  represented  as  some- 
what more  horizontal  than  is  usually  described. 


Fig.  161. — Outline  showing  the  general  form 
of  the  larynx,  trachea,  and  bronchi,  as 
seen  from  behind.       One-half  natural  size. 
(Allen  Thomson.) 
h,  great  cornu  of  the  hyoid  bone  ;  t.  superior, 
and  f.  inferior  cornu  of  the  thyroid  cartilage  ;    e, 
the  epiglottis  ;    «.  points  to  the  back  of  both  the 
arytenoid   cartilages,    which   are    surinounted   by 
the  cornicula  ;  c,  tin-  middle  ridge  on  the  back  of 
the    cricoid    cartilage;     t  r,    the    posterior    mem- 
branous part  of  the   trachea  ;  b,  b' ,   right  and  left 
bronchi. 


fibres,  while  the  external  branch  supplies  the  crico-thyroid  muscle.  The  inferior 
laryngeal  nerve  supplies  all  the  intrinsic  muscles  of  the  larynx,  except  the  crico- 
thyroid, so  that  it  is  the  motor  nerve  to  both  the  adductor  and  abductor  muscles 
of  the  vocal  cord.  In  progressive  organic  lesions  of  this  nerve,  the  fibres  going 
to  the  abductor  muscles  are  first  involved.  The  cause  of  this  greater  vulnerability 
of  the  abductors  is  not  known. 
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Fio.    162. — Hortzontaj     section    of    trachea, 

(ESOPHAGUS     imi    rHYBOED    BODY.       Natural 

m/>-.     (J.  Symington.) 

I.  ■i-sophagus;  2,  cavity  of  trachea  ;  .'i.  carti- 
laginous ring  of  trachea  :  4.  thyroid  body  ; 
5.  inferior  thyroid  artery;  <>.  inferior  laryngeal 
nerve. 


THE    TRACHEA    AND    TWO    MAIN    BRONCHI. 

The  trachea  is  thai  pari  of  the  common  air-passage  of  both  lungs  which 
commences  above  a1  the  larynx,  and  divides  below  into  two  smaller  tubes,  right  and 
left  bronchi,  one  Eor  each  lung  (figs.  1 « >* >  to  163). 

Position.     TIm-   n a.  I1..1   has  a  median  position  in  the  neck  and  thorax,  and 

extends  from  the  lower  border  of  the 
cricoid  cartilage  of  the  larynx,  on  a  level 
with  the  lower  part  of  the  sixth,  or  upper 
pari  of  the  seventh,  cervical  vertebra, 
into  the  upper  part  of  the  thorax,  where 
it  is  crossed  in  front  and  on  the  left  side 
by  the  arch  of  the  aorta,  and  then 
bifurcates  into  the  two  bronchi  at  about 
the  level  of  the  disk  between  the  fourth 
and  iifth  thoracic  vertebra).  As  the 
trachea  passes  obliquely  downwards  and 
somewhat  backwards,  it  gradually  recedes 
from  the  anterior  surface  of  the  neck 
in  its  course  towards  the  thorax.  At 
its  commencement  it  can  readily  be 
felt  through  the  skin,  while  at  its 
termination  it  lies,  on  an  average,  about 
:'»  cm.  to  4  cm.  posterior  to  the  front  of  the  sternum. 

Size.— It  usually  measures,  in  the  erect  position  of  the  head,  from  9  em.  to 
11  cm.  in  length  ;  but  its  length  may  be  increased  2  cm.  to  3  cm.  by  over-extension 
of  the  neck  and  decreased  by  flexion. 

It  is  usually  stated,  on  the  authority  of  Aeby,  that  the  trachea  gradually  increases 
in  calibre  from  above  downwards  ;  but  according  to  Braune  and  Stahel,*  it  presents 
a  series  of  alternate  dilatations  and  contractions.  Thus  it  is  smallest  at  its  com- 
mencement ;  from  this  point  it  gradually  increases,  until  about  midway  between 
its  two  ends  ;  from  here  it  diminishesto  within  about  3  cm.  of  its  bifurcation,  towards 
which  it  again  enlarges.  Its  average  diameter  is  about  18  mm.  in  the  male  and 
L5  mm.  in  the  female.  In  front  and  at  the  sides,  the  trachea  is  rendered  cylindrical, 
firm,  and  resistant .  by  a  series  of  cartilaginous  rings  ;  these,  however,  are  deficient 
behind,  so  that  t  lie  posterior  portion  is  flattened  and  entirely  membranous  (fig.  162). 
Neai  its  bifurcation,  the  trachea  is  somewhat   expanded  laterally. 

Relations  of  the  trachea  to  neiprhhouringr  parts.— The  windpipe  is 
nearly  everywhere  invested  by  a  loose  areolar  tissue,  abounding  in  elastic  fibres, 
and  is  very  movable  on  the  surrounding  parts.  Both  in  the  neck  and  thorax, 
it  rest-  In-hind  against  the  gullet,  which  intervenes  between  it  and  the  vertebral 
column  ;  but  towards  its  lower  part  it  projects  somewhat  to  the  left  side.  The 
inferior  laryngeal  nerve  ascends  to  the  larynx  on  each  side  in  the  angle  between 
these  two  tubes. 

In  the  neck,  the  trachea  is  situated  between  the  common  carotid  arteries  ;  at 

its  upper  end  it  i-  embraced  by  the  lateral  lobes  of  the  thyroid  body,  the  middle 

or  isthmus  of  which  lies  across  it  just  below  the  larynx.     It  is  covered  in  front 

by  the  sterno-thyroid   and  sterno-hyoid  muscles,  between  which,  however,  there 

rl   an  elongated  lo/.enge-shaped  interval  in  the  middle  line:    this  interval  is 

<  <l  in  by  a  strong  process  of  the  deep  cervical  fascia,  while,  more  superficially, 

another  layer,  not  so  strong,  crosses  between  the  sterno-mastoid  muscles.     The 

'  r.  bor  das  \farhaltniss  der  Lungen  zu  den  Bronchen,'  Arch.f.  Anal.,  1888. 
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inferior  thyroid  veins  and  the  arteria  thy ro idea  ima,  when  that  vessel  exists,  also 
lie  upon  its  anterior  surface  below  the  isthmus  of  the  thyroid  body  ;  while  just 
above  the  level  of  the  upper  edge  of  the  sternum  the  innominate  artery  is 
occasionally  found  crossing  obliquely  in  front  of  it. 

In  the  thorax,  the  trachea  is  covered  by  the  manubrium  sterni,  together  with 
the  sterno-thyroid  and  sterno-hyoid  muscles  and  the  remains  of  the  thymus  gland  ; 
behind  these,  by  the  left  innominate  vein,  then  by  the  commencement  of  the 
innominate  artery  and  left  carotid,  which  pass  round  to  its  sides  ;  and  lastly,  by 
the  arch  of  the  aorta  and  the  deep  cardiac  plexus  of  nerves.  Placed  between  the 
two  pleurae,  the  trachea  is  contained  in  the  superior  mediastinum,  and  has  near 
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Fig.  163. — Horizontal  section  of  the  oesophagus,  trachea,  aortic  arch,  etc.,  at  the  level  of  the 
fifth  thoracic  vertebra,  viewed  from  above.     Natural  size.     (J.  Symington.) 


its  right  side  the  right  lung,  separated,  however,  by  the  pleura  and  the  vagus  nerve. 
On  the  left  side,  the  arch  of  the  aorta,  the  left  common  carotid  and  subclavian 
arteries,  and  the  left  inferior  laryngeal  nerve,  together  with  some  cardiac  nerves, 
intervene  between  it  and  the  left  lung  and  pleura.  The  pulsations  of  the  aorta 
are  transmitted  to  the  lower  part  of  the  left  wall  of  the  trachea,  and  can  be 
seen  in  the  living  body  with  the  bronchoscope  (Eichen,  Brit.  Med.  Jour., 
November  19,  1910). 

Therig-ht  and  left  bronchi  (figs.  160  and  161,  b,  V)  proceed  each  to  the  root 
of  the  corresponding  lung,  and  then  undergo  division.  Previous  to  this,  they  exactly 
resemble  the  trachea  on  a  smaller  scale,  being  rounded  and  firm  in  front  and  at 
the  sides,  where  they  are  provided  with  imperfect  cartilaginous  rings,  and  flattened 
and  membranous  behind.  The  right  bronchus  is  larger  than  the  left;  the  area  of 
a  section  at  right  angles  to  the  long  axis  of  the  right  bronchus  being  in  the  proporl  ion 
of  100  to  78  for  a  corresponding  section  of  the  left  bronchus.  It  is  also  more  nearly 
vertical,  so  that  on  looking  down  the  windpipe  towards  the  bifurcation,  the  right 
bronchus  appears  to  be  a  more  direct  continuation  of  the  trachea  than  the  left. 
This  is,  however,  by  no  means   constantly  the  case.     Further,  it  differs  from  the 
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left  in  giving  ofi  on  ita  outer  ride,  about  15  mm.  fco  25  nun.  from  its  origin,  a  branch 
which  passes  to  the  upper  lobe  of  the  righl  lung.  As  this  branch  comes  off  above 
the  plan-  where  the  righl  pulmonary  artery  crosses  the  bronchus,  it  is  called 
eparterial;  the  continuation  of  the  bronchus  below  this  branch  being  called 
,  arb  rial.  <  >n  the  Left  side,  there  is  no  eparterial  branch,  and  the  bronchus  passes 
downwards  and  outwards  for  about  5  cm.  before  giving  off  any  branches. 

The  right  bronchus  is  embraced  above  by  the  vena  azygos,  which  hooks 
forwards  over  it  to  end  in  the  vena  cava  superior.  The  right  vagus  descends  behind 
it.  At  the  root  of  the  lung,  the  eparterial  branch  is  above  the  pulmonary  artery, 
the  hyparterial  part  is  crossed  close  to  its  origin  by  the  pulmonary  artery,  and,  lower 
down,  the  superior  pulmonary  vein  gets  in  front  of  it.  The  left  bronchus  inclines 
downwards  and  out  wauls,  beneath  the  arch  of  the  aorta,  to  reach  the  root  of  the 
left  lung,  where  the  left  pulmonary  artery  lies  first  in  front  of  and  then  above  it. 
It  crosses  over  the  front  of  the  oesophagus  and  the  descending  aorta.  Close  to  the 
hilum  of  the  Lung,  the  upper  left  pulmonary  vein  is  in  front  of  it. 

The  combined  sectional  area  of  the  two  bronchi  is  about  one-fifth  greater  than 
that  of  the  trachea. 

The  distribution  of  the  branches  of  the  bronchi  within  the  lungs  will  be  described 
in  connexion  with  those  organs. 

When  the  lower  part  of  the  cavity  of  the  trachea  is  viewed  from  above,  the  two  bronchi  are 
win  tn  In-  separated  posteriorly  by  a  prominent  sagittal  ridge  (carina  trachea),  which  broadens 
anteriorly  into  a  flat  triangular  area  (see  fig.  163).  Heller  and  Schrotter '  found  the  carina,  in 
57  per  cent,  of  the  cases  they  investigated,  to  the  left  of  the  median  plane  ;  in  42  per  cent.,  in  the 
median  plane  ;  and  in  the  remaining  3  per  cent.,  to  the  right  of  the  median  plane. 


STRUCTURE   OF    THE    TRACHEA    AND    MAIN   BRONCHI. 

Trachea. — The  trachea  consists  of  an  elastic  framework  of  incomplete 
cartilaginous  rings  or  hoops  united  by  fibrous  tissue,  and  at  one  part  by  plain 
muscular  tissue.  It  is  lined  throughout  by  a  mucous  membrane,  and  provided 
with  glaiuls. 

The  cartilages  are  from  sixteen  to  twenty  in  number.  Each  forms  a  curve  of 
rather  more  than  two-thirds  of  a  circle,  resembling  the  letter  C  (fig.  162).  The 
depth  from  above  downwards  is  three  or  four  millimetres,  and  the  thickness  1  mm. 
The  outer  surface  of  each  is  flat,  but  the  inner  is  convex  from  above  downwards,  so 
giving  greater  thickness  in  the  middle  than  at  the  upper  and  lower  edges.  The 
cartilages  are  held  together  by  strong  fibrous  tissue,  which  is  elastic  and  yielding 
to  a  certain  extent,  and  not  only  occupies  the  intervals  between  them,  but  is 
prolonged  over  their  outer  and  inner  surfaces,  so  that  they  are,  as  it  were,  embedded 
in  the  tissue. 

The  cartilages  terminate  abruptly  behind  by  rounded  ends,  but  the  fibrous 
tissue  is  continued  across  between  them,  and  completes  the  tube  behind:  it  is 
heir  looser  in  its  texture. 

The  first  or  highesl  cartilage,  which  is  connected  by  the  fibrous  membrane 
with  i  he  cricoid  carl  ilage  of  the  larynx,  is  broader  than  the  rest,  and  often  divided 
at  one  end.  Sometimes  it  coalesces  to  a  greater  or  less  extent  with  the  cricoid 
or  with  the  one  below.  The  lowest  cartilage,  placed  at  the  bifurcation  of  the 
trachea,  is  peculiar  in  shape  ;  its  lower  border  being  prolonged  downwards,  and 
at  the  same  time  bent  backwards,  so  as  to  form  a  curved  projection  between  the 
bronchi.  The  cartilage  next  above  this  is  slightly  widened  in  the  middle 
Sometimes,  the  extremities  of  two  adjacent  cartilages  are  united,  and  not 

1  '  Die  Carina  Trachea?,'  Zeit.  f.  kiln.  Med.,  Bd.  xxxii.,  1893. 
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infrequently  a  cartilage  is  divided  at  one  end  into  two  short  branches,  the 
opposite  end  of  that  next  to  it  being  likewise  bifurcated  so  as  to  maintain  the 
parellelism  of  the  entire  series.  The  use  of  these  cartilaginous  hoops  is  to 
keep  the  windpipe  open — a  condition  essential  for  the  free  passage  of  air  into 
the  lungs. 

Within  the  fibrous  membrane,  at  the  posterior  flattened  part  of  the  trachea,  is  a 
continuous  pale  reddish  layer  of  unstriped  muscular  fibres,  which  pass  across  not 
only  between  the  ends  of  the  cartilages,  but  also  opposite  the  intervals  ;    they 
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Fig.  164.— Longitudinal  section  of  the  human  trachea,  including  portions  of  two  cartilaginous- 
rings.     Moderately  magnified.     (Klein  and  Noble  Smith.) 

a,  ciliated  epithelium  ;  b,  basement  membrane  ;  c,  superficial  part  of  the  mucous  membrane,  containing 
the  sections  of  numerous  capillary  blood-vessels  and  much  lymphoid  tissue  ;  d,  deeper  part  of  the  mucous 
membrane,  consisting  mainly  of  elastic  fibres  ;  e,  submucous  areolar  tissue,  containing  the  larger  blood-vessels, 
small  mucous  glands  (their  ducts  and  alveoli  are  seen  in  section),  fat,  &c.  ;  /,  fibrous  tissue  investing  and 
uniting  the  cartilages  ;  g,  a  small  mass  of  adipose  tissue  in  the  fibrous  layer  ;   /(,  cartilage. 

doubtless  serve  to  narrow  the  tube  by  approximating  the  ends  of  the  cartilages. 
Those  opposite  the  hoops  are  attached  to  the  extremities  of  the  latter,  and  encroach 
also  for  a  short  distance  upon  their  inner  surface.  Outside  the  transverse  fibres 
are  a  few  fasciculi,  having  a  longitudinal  direction. 

The  submucous  coat  consists  of  loose  areolar  tissue,  which  serves  to  connect 
the  mucous  membrane  with  the  fibrous  layer  and  the  cartilaginous  rings.  It 
contains  mucous  glands,  and  a  quantity  of  adipose  tissue  is  often  found  in  it. 

The  mucous  membrane  is  smooth  and  of  a  pale  pinkish-white  colour  in 
health  ;  although  when  congested  or  inflamed,  it  becomes  intensely  purple  or 
crimson.  It  contains  a  considerable  amount  of  lymphoid  tissue  and  is  lined  by 
ciliated  columnar  epithelium. 

The  trachea  is  provided  with  numerous  small  mucous  glands.  The  largest  are 
situated  at  the  back  part  of  the  tube,  either  close  upon  the  outer  surface  of  the 
fibrous  layer  or  occupying  little  recesses  formed  between  its  meshes.  Smaller 
glands  are  found  between  the  cartilaginous  rings,  upon  and  within  the  fibrous 
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membrane,  and  still  Bmallei  onea  close  beneath  the  mucous  membrane.  They  are 
glands,  and  theii  cavities  are  lined  with  a  columnar  epithelium:  the 
.  ducts  pass  through  the  muscular  layer  and  the  mucous  membrane, 
on  the  Burface  oi  which  their  orifices  are  perceptible. 

Vessels  and  nerves.  -The  arteries  of  the  trachea  are  principally  derived 
from  t  he  infi  rior  tlajmid.  The  larger  branches  run  for  some  distance  longitudinally, 
and  th.-u  join  a  superficial  capillary  plexus  with  polyhedral  meshes.  The  veins 
cuter  the  adjacent  plexuses  of  the  thyroid  veins.  A  rich  plexus  of  lymphatics 
readily  be  injected  in  the  mucous  membrane  and  submucous  tissue,  but  the 
lymphoid  follicles,  so  common  in  the  alimentary  mucous  membrane,  and  also  in 
the  walls  of  the  sm  iller  bronchi,  are  rarely  present,  When  found,  they  generally 
surround  the  duels  of  the  glands  as  they  pass  through  the  mucous  membrane. 
Numerous  lymphatic  glands  lie  in  front  and  at  the  sides  of  the  trachea  (pre-tracheal 
and  para-tracheal),  while  a  group  of  glands  is  found  between  the  two  bronchi  and 
in  front  of  the  oesophagus  and  aorta. 

The  nerves  come  from  the  trunks  and  inferior  laryngeal  branches  of  the  vagi, 
and  from  the  sympathetic  system.  There  are  said  to  be  numerous  ganglia  upon 
tli.  in.  especially  outside  the  muscular  layer  at  the  back  of  the  tube. 

In  the  dog,  cat,  sheep,  and  rabbit,  the  upper  half  of  the  trachea  is  said  to  be 
supplied  chiefly  by  the  superior  laryngeal  nerve,  through  the  anastomosis  between 
the  superior  and  inferior  nerves  in  the  larynx  (Kandarazi). 

Bronchi.-  The  general  structure  of  the  undivided  portions  of  the  bronchi 

corresponds    to  that  of  the  trachea    in    every    particular.     Their    cartilaginous 

which  resemble  those  of  the  trachea  in  being  imperfect  behind,  are,  however, 

shorter  and  narrower.     The  number  of  these  rings  on  the  right  side  varies  from  six 

to  eight,  whilst  on  the  left  the  number  is  from  nine  to  twelve. 

The  bronchi  are  supplied  by  the  bronchial  arteries  and  veins,  and  the  nerves 
are  Erom  the  same  source  as  those  of  the  lower  part  of  the  trachea. 

Peculiarities  according  to  age. — In  the  fetus  the  trachea  is  flattened  before  and  behind, 
terior  surface  being  even  somewhat  depressed  ;  the  ends  of  the  cartilages  touch  ;  and  the 
sides  "f  the  tube,  which  now  contains  only  mucus,  are  applied  to  one  another.  The  effect  of 
respiration  is  at  first  to  render  the  trachea  open,  but  it  still  remains  somewhat  flattened  in  front, 
and  only  later  on  becomes  convex.  Inconsequence  of  the  high  position  of  the  larynx  in  the  infant, 
the  cervical  part  oi  the  trachea  is  relatively  longer  at  this  period  of  life  than  in  the  adult;  but  this 
increase  in  length  is  somewhat  diminished  by  a  higher  position  of  the  manubrium  sterni.  The 
point  of  bifurcation  of  the  tracb  a  is  generally  about  a  vertebra  higher  at  birth  than  in  the 
adult.  In  an  infant  six  months  old,  the  trachea  will  admit  a  tube  4  mm.  in  diameter ;  at  two 
.  one  of  •">  mm.  ;  and  at  six  years,  one  of  6  mm.  or  7  mm.  Ossification  of  its  cartilaginous 
rings  usually  commences  in  the  male  at  about  forty  years  of  age,  and  in  the  female  at  about 
>i\t  •,  I  Ihievitz). 

MEDIASTINUM    THORACIS. 

The  greater  part  of  the  thorax  is  occupied  by  the  lungs,  each  of  which  is  invested 

serous  membrane-    thepfeura.   Therighl  and  left  pleural  cavities  are  separated 

median  partition  called  the  mediastinum  (septum  mediastinale).    This  consists 

of  a  layer  of  pleura  on  each  side,  with  the  heart,  jjreat  vessels,  pericardium,  and 

other  structures   interposed.     The  interval    between   the  right  and  left  pleurae, 

which  is  occupied  by  the  structures  referred  to,  is  known  as  the  mediastinal  space. 

The    whole   mediastinum    is   subdivided   into    the  following  parts:    the    middle 

i  ■        which  is  coextensive  with  the  pericardium ;  the  anterior  mediastinum 

in   front  of    the  pericardium:    the  posterior  mediastinum — the   part 

behind  the  pericardium ;  and  the  superior  mediastinum — which  is  situated  above 

i      subdivisions  and  extends  upwards  as  far  as  the  root  of  the  neck. 
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The  superior  mediastinum  may  be  considered  to  be  bounded  below  by  a 
plane  passing  from  the  lower  border  of  the  body  of  the  fourth  thoracic  vertebra 
behind  to  the  junction  of  the  manubrium  with  the  body  of  the  sternum  in  front. 
Its  upper  limit  corresponds  to  the  superior  aperture  of  the  thorax.  In  front  are 
the  manubrium  and  the  lower  ends  of  the  sterno-hyoid  and  sterno-thyroid  muscles  ; 
and  behind  are  the  upper  four  thoracic  vertebra;  and  the  lower  ends  of  the  longus 
colli  muscles. 

It  contains  the  trachea,  oesophagus,  and  thoracic  duct  ;  the  whole  of  the  arch  of 
the  aorta,  the  innominate  artery,  and  the  thoracic  parts  of  the  left  common  carotid 


Fig.   165.— A  skiagram  of  the  thorax  of  an   adult  male,  taken  during  a  moderately  deep 
inspiration.     One-third  natural  size.     (J.  S.  Dickey.) 

The  tube  was  approximately  above  the  mid-point  of  the  sternum,  and  was  -J.",  inches  from  the  plate. 
The  dark  central  area,  increasing  in  breadth  from  above  downwards,  corresponds  to  the  mediastinum.  Che 
horizontal  arrow  indicates  the  upper  part  of  the  aortic  shadow.  The  cardio-hepatic  angle  (90°)  is 
indicated  by  an  oblique  arrow  on  the  right  side  between  the  right  auricle  and  liver  shadows. 

and  subclavian  arteries;  the  innominate  veins  and  upper  part  of  the  superior 
vena  cava  ;  the  phrenic  and  vagi  nerves,  the  left  inferior  laryngeal,  and  the  cardiac 
nerves  ;   and  the  cardiac  lymphatic  glands  and  remains  of  the  thymus  gland. 

The  anterior  mediastinum  is  narrow  in  its  upper  half,  the  tun  pleurae 
coming  nearly  or  quite  into  contact  behind  the  second  piece  of  the  sternum. 
Below,  it  is  a  little  broader,  the  left  pleura  receding  from  its  fellow,  and  is  bounded 

\ 
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in  front  by  the  sternum,  Bometimea  also  by  the  fifth  and  sixth,  and  a  small 
portion  of  the  seventh,  left  costal  cartilages,  and  by  the  triangularis  sterni 
muscle;  behind  it.  is  the  pericardium.  The  enclosed  space  contains  only  some 
areolar  tissue,  and  in  its  lower  part  two  or  three  small  lymphatic  glands 
(anterior  mediastinal  glands). 

Tin-  middle  mediastinum  is  the  enlarged  central  portion  of  the  partition, 
containing,  in  addition  to  the  pericardium  with  its  contents— namely,  the  heart, 
the  ascending  arota,  I  he  I  rank  of  the  pulmonary  artery,  and  the  lower  half  of  the 
superior  vma  cava-  -the  phrenic  nerves  and  accompanying  vessels,  the  arch  of  the 
az\  [  i.  and  the  roots  of  the  lungs  with  the  bronchial  lymphatic  glands. 

The  posterior  mediastinum  is  the  part  between  the  pericardium,  the 
diaphragm,  and  the  roots  of  the  lungs  in  front,  and  the  spine  behind  (from  the  lower 


I  i...  166.   -Horizontal  section-  of  the  root  ok  the  neck.     One-third  natural  size.     (J.  S.  Dickey.) 

lien  I-  about  2'5  cm.  above  the  sternal  end  of  the  clavicles  and  passes  through  the  first  and 
second  thoracic  vertebra,  the  tirst  and  second  ribs,  and  the  highest  part  of  the  lungs.  The  level  of  this 
section,  as  seen  from  the  right  and  left  lateral  aspects  of  the  thorax,  is  shown  in  figs.  178  and  179. 

border  of  the  fourth  thoracic  vertebra  downwards).  It  contains  between  its 
pleural  layers  the  descending  aorta  and  its  right  intercostal  branches,  the 
oesophagus  with  the  vagi  nerves,  the  azygos  veins,  the  thoracic  duct,  and  the 
posterior  mediastinal  lymphatic  glands. 

THE  LUNGS  AND  PLEURA. 

The  lungs  occupy  by  far  the  larger  part  of  the  cavity  of  the  chest,  and  in  health 

are  always  in  accurate  contact  with  the  internal  surface  of  its  wall.     Each  lung 

is  attached  at  a  comparatively  small  part  of  its  flattened  inner  or  median  surface 

•  ructures  forming  the  root.     In  other  directions  the  lung  is  free,  and  its  sur- 

is  closely  covered  by  a  serous  membrane,  which  is  reflected  at  the  root  to 

orresponding  side  of  the  thorax,  and  named  the  (right  or  left)  pleura. 


THE    PLEURAE. 


The  pleurae  are  two  serous  sacs  cpiite  distinct  from  each  other.    Each  consists  of 

ceral  and  a  parietal  portion,  between  which  is  the  pleural  cavity,  containing  a 

small  quantity  of  fluid,  merely  sufficient  to  lubricate  the  opposing  surfaces. 

The  visceral  portion  {pleura  pulmonalis)  covers  the  lung  and  extends  into  the  fissures 
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between  its  lobes ;    the  parietal  portion  lines  the  ribs   and  intercostal   spaces 
(pleura    costalis),  covers   the    upper    convex    surface   of   the   diaphragm    (pleura 
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diaphragmatica),  enters  into  the  formation  of  the  mediastinum  ('pleura  mediastinalis), 
and  extends  upwards  into  the  neck  (pleura  cervicalis  or  cupula  pleura;). 
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\:  the  rool  oi  each  lung,  the  visceral  and  parietal  portions  of  the  corresponding 
pleura  are  continuous  with  one  another  ;  and  at  the  lower  border  of  the  rool  is  a 
fold  oi  the  serous  membrane,  the  two  layers  of  which  are  continuous  above  with 

e  in  fcronl  of  and  behind  the  rool  of  the  lung.    It  extends  vertically  along  the 
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inner  surface  of  the  lung  down  to  the  diaphragm,  to  which  it  is  attached  by  its 
emity ;  this  fold  is  named  ligamentum  pulmonale. 

Ali  tin.-il  aspect  of  each  pleura,  there  descends  a  ligamentous  band — an  offshoot 

..fih.  ittached  above  to  the  bodies  of  the  cervical  and  first  thoracic  vertebra, 

and  below   to  the  pericardium  and  central  tendon  <>l   flu-  <li:i|>hrapm.    These  bands,  the  '  sus- 

diaphragm'  of  Teutleben,  embrace  the  roots  of  the  lungs,  and,  in  a 
both  these  and  the  other  parts  to  which  they  are  attached  below. 

Relations. — The  costal  portion  of  the  pleura  lines  the  inner  surface  of  the 
•  stal  spaces,  and  posteriorly  passes  over  the  heads  of  the  ribs  and 
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the  gangliated  cord  of  the  sympathetic  on  to  the  sides  of  the  bodies  of  the  thoracic 
vertebra?,  where  it  becomes  continuous  with  the  posterior  part  of  the  mediastinal 
pleura,  while  in  front  it  is  reflected  backwards  to  join  the  anterior  part  of 
the  mediastinal  pleura.      This  anterior  line  of  reflexion  varies  at  different   levels, 
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and  also  slightly  on  the  two  sides  (fig.  177).  Opposite  the  manubrium  stemi,  it  may 
be  represented  by  a  line  passing  from  the  steruo-clavicular  articulation,  downwards 
and  inwards,  to  meet  the  pleura  of  the  opposite  side  at  the  upper  edge  of  the  body 
of  the  sternum.  From  this  point,  the  two  pleura?  are  in  close  contact  down  to  the 
level  of  the  upper  border  of  the  fifth  costal  cartilage,  where  they  (end  to  separate 
from  one  another.  On  the  right  side,  the  line  of  reflexion  continues  nearly  straight, 
down  to  the  lower  end  of  the.  body  of  the  sternum,  where  it  begins  to  turn  outwards. 
On  the  left  side,  according  to  Luschka,1  it  normally  diverges  from  the  median  line 


'  Die  Anatomie  dea  Menschen,'  Du   Brust.  (1863),  s.  268. 
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at  tin-  upper  border  of  the  fifth  costal  cartilage,  so  that  at  the  level  of  the  sternal 

end  of  the  fifth  costal  cartilage  it  is  1*5  cm.,  at  the  sixth  2  em.,  and  at  the  seventh 

ernal  to  the  left  border  of  the  sternum.      Not  infrequently,  however, 

the  lateral  deviation  of  the  left  pleura,  opposite  the  lower  end  of  the  sternum,  is  not 


0  — 

1  = 

P>   so 

=   - 

poo 

pq 

< 

H  _ 

i  2 
§1 

2  a 
£   = 


Is 

So 

7. 

>i 

• « 

E  o 

05 

a  fa 
"  I 


W 


I   % 


— 


.r-  fc> 
pfl 

o    a 
>■   = 


5  "  ~ 


C  3    S 

o  c  T" 

tn  "™    3 

i  <  = 

—  - 
^-     •* 

.2  "  fe. 

E  v.  & 


—  a.- * 
=  5-2 

"S  Sit3 

a  •-  is 

—  -  — 

3    P     . 
oo    e5    „• 

r£  a. 
M  o  ^; 


c  — 
to  X   u 

a  ir;  3 

M  CD  — 

-  KiS 

—  d  "So 

g  3    O 

t>  5  a 

I  5  « 


—  e 

o   a 


so  marked  as  described  by  Luschka.  Thus  Sick,1  in  seventeen  out  of  twenty- 
three  adults,  found  that  the  reflexion  of  the  pleura  at  the  level  of  the  sternal  end  of 
fifth  costal  cartilage  was  either  behind  the  sternum  or  at  its  left  edge.  This 
was  also  the  case  in  ten  out  of  the  twenty-three  at  the  sixth  cartilage,  and  in  nine 
of  them  at  the  seventh  costal  cartilage.  Brooks's  2  observations  also  support  this 
view.  In  four  out  of  seven  cases  in  which  the  pleura  was  quite  healthy,  he  found 
the  reflexion  was  entirely  behind  the  sternum,  while  in  one  it  was  at  the  left  edge 
of  this  bone.     Be  also  states  that  in  all  the  cases  the  two  pleura)  were  close  to  one 

'<       a  Hi  If.  uber  den  Vorlauf  der  Pleurablatter  am  Sternum,'  u.s.w.,  Arch.  f.  Anat.  v.  Physiol., 
-H5. 

Jrook*.  St.  John,  '  On  the  Relations  of  the  Pleura  to  the  Sternum  and  Costal  Cartilages.'  Trans,  of  the 
Roy.  Acad,  of  Med.  in  Ireland,  vol.  vii.,  1889. 
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another  as  far  down  as  the  ensiform  cartilage,  so  that  the  area  of  pericardium 
uncovered  by  the  pleura  was  reduced  to  a  minimum. 

The  lower  border  of  the  costal  pleura  is  reflected  on  to  the  diaphragm  opposite 
a  line  passing  from  the  lower  end  of  the  sternum,  outwards,  behind  the  seventh  costal 
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cartilage  nearly  as  far  as  its  rib  ;  here  it  leaves  the  seventh  cartilage,  and,  continuing 
to  pass  obliquely  downwards  and  backwards,  crosses  the  eighth,  ninth,  tenth,  and 
eleventh  ribs,  and  reaches  the  twelfth  rib  near  its  vertebral  end.  If  the  twelfth 
rib  be  very  short,  the  whole  of  its  anterior  surface  may  be  covered,  and  the  pleura 
pass  as  low  as  the  transverse  process  of  the  first  lumbar  vertebra  (Pansch).  When 
the  rib  is  well  developed,  it  is  seldom  in  contact  with  the  pleura  external  to  its  inner 
half.  On  the  lateral  wall  of  the  chest,  the  pleura  will  generally  be  found  rather 
lower  on  the  left  than  on  the  right  side.  Luschka  estimates  that  in  the  mid-axillary 
line  the  pleura  reaches  to  the  lower  border  of  the  ninth  rib  on  the  right  side,  and 
to  the  lower  border  of  the  tenth  on  the  left.     The  inferior  limit  of  the  pleura  does 
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ad  to  1  lif  attachment  of  the  diaphragm,  but  leaves  a  portion  of  the  circum- 
ference of  this  muscle  in  contact  with  the  costal  parietes.  Owing  to  the  height 
of  the  diaphragm  <>n  the  righl   Bide  (corresponding  to  the  greater  convexity  of 

the  liver),  the  right  pleural  sac  is  shorter  than  the  left ;  it  is  at  the  same  time 
wider,  as  the  pericardium  does  tint  pass  so  far  to  the  right  as  to  the  left  of  the 
median  plane. 

The  upper  part  of  the  pleura,  moulded  upon  the  apex  of  the  correspondim: 
lung,  rises  dome-like  into  the  rout,  of  the  neck,  forming  the  pleura  cervicalis.  It 
reaches  from  .»  cm.  to  5  cm.  above  the  anterior  end  of  the  first  rib,  and  about 
1  cm.  to  3  cm.  above,  the  clavicle,  but  not  higher  than  the  neck  of  the  first 
rib.  Anteriorly,  the  termination  of  the  internal  jugular  and  subclavian  veins,  and 
the  commencement  of  the  innominate  vein,  the  internal  mammary  artery,  and  the 
phrenic  and  vagus  nerves  lie  against  it.  Behind  these  structures,  and  arching 
outwards  over  the  pleura  just  in  front  of  its  highest  point,  is  the  subclavian  artery  ; 
while,  still  farther  hack,  the  lower  trunk  of  the  brachial  plexus  rests  upon  it,  and 
I  he  sympat  het  ic  cord  descends  behind  it.  On  the  right  side,  the  inferior  laryngeal 
nerve  hooks  round  the  subclavian  artery,  and  so  gets  between  this  artery  and  the 
pleura  ;  while  on  the  left  side,  the  nerve  ascends  internal  to  it.  The  thoracic  duct 
is  situated  on  the  inner  side  of  the  left  pleura  as  it  leaves  the  thorax.  Several 
lymphatic  glands  lie  in  dose  relation  to  it. 

The  cervical  pleura  is  strengthened  and  supported  by  several  muscles  and  ligaments.  The 
tendons  ot  insertion  of  the  anterior  and  middle  scalene  muscles  give  -mall  slips  to  it,  and  the 
«  iilenus  minimus  terminates  below  in  a  dome-like  tendinous  expansion,  often  called  Sibson's 
.  which  covers  the  pleura  and  is  attached  to  the  inner  border  of  the  tirst  rib.  Several 
bands,  known  as  the  suspensory,  costo- pleural,  and  vertehro-pleural  ligaments,  connect  it 
with  adjacent  structures  (see  J.  S.  Dickey.  Applied  Anatomy  of  the  Lungs  and  Pleural 
l/.  mbraiu  t,  191 1,  p.  36). 

The  mediastinal  portions  of  the  two  pleural  sacs  constitute,  as  already  described, 
the  lateral  boundaries  of  the  mediastinal  space.  The  layers  forming  the  sides  of 
the  anterior  mediastinum  pass  backwards  from  the  sternum  to  the  pericardium 
in  close  relation  with  one  another,  except  below,  where  a  triangular  interval  is 
sometimes  found  between  them.  At  the  front  of  the  pericardium,  the  two  layers 
separate,  each  passing  round  its  own  side  of  the  pericardium  to  the  front  of  the 
root  of  the  corresponding  lung,  where  it  is  reflected  on  to  the  lung.  The  part 
of    the    mediastinal    pleura    covering    the    pericardium  is    often    called   pleura 

ardiaca,  and  the  remaining  portions  of  the  mediastinal  pleurae  the  laminae 
mediastinales.  The  phrenic  nerve  courses  to  the  diaphragm  between  the  pleura 
and  the  pericardium.  The  pleura,  which  goes  from  the  side  of  the  vertebral 
column  to  the  hack  of  the  root  of  the  lung,  bounds  the  posterior  mediastinum. 
<  >n  the  right  side,  it  lies  in  relation  with  the  vena  azygos,  the  right  vagus, 
and  the  oesophagus;  on  the  left  side,  with  t he  descending  aorta,  and  low  down, 
with  the  (esophagus.     The  two  pleura*  are  here  united  by  an  inter-pleural  ligament 

nig  behind  the  o-sophagus  and  in  front  of  the  aorta.  At  the  level  of  the  superior 
mediastinum,  the  mediastinal  pleura  passes  backwards  from  the  anterior  to  the 
posterior  chest  wall  without  being  reflected  over  the  lungs.  On  the  right  side,  it 
I  innominate  vein  and  superior  vena  cava,  the  innominate  artery, 
and  the  right  phrenic  and  vagus  nerves,  and  the  trachea;  and  on  the  left,  the 
and  thoracic  duct,  the  Left  common  carotid  and  subclavian  arteries, 
.md  the  corresponding  phrenic  and  vagus  nerves. 

In  certain  situations  the  surface  of  the  parietal  pleura,  directed  towards  the 

ral  cavity,  is  not  in  contact   with  the  visceral  pleura,  two  portions  of  parietal 
i  being  in  apposition.     The  part  of  the  pleural  cavity,  bounded  in  this  way 
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by  the  parietal  pleura,  is  called  the  sinus  pleura.  This  space  varies  in  its  extent 
according  to  the  condition  of  the  lungs,  being  diminished  in  inspiration  and 
increased  during  expiration  ;  but  in  all  probability  it  cannot  be  completely 
obliterated,  even  by  forcible  inspiration.  It  is  found  on  both  sides,  between  the 
chest  wall  and  the  diaphragm  (sinus  phrenico-costalis),  and  on  the  left  side  between 
the  chest  wall  and  the  pericardium  (sinus  costo-mediastinalis),  opposite  the  lower 
part  of  the  body  of  the  sternum.  It  is  best  marked  posteriorly,  as  here  the  costal 
and  diaphragmatic  portions  of  the  pleura  are  in  contact  from  about  the  tenth  to 
the  twelfth  rib. 

Structure. — The  pleura  possesses  the  usual  characters  of  serous  membranes. 
The  costal  part  is  the  thickest,  and  may  be  easily  raised  from  the  ribs  and  inter- 
costal spaces,  with  which  it  is  connected  by  the  fascia  endo-thoracica.  On  the 
pericardium  and  diaphragm,  the  pleura  is  thinner  and  more  firmly  adherent ; 
but  it  is  thinnest  and  least  easily  detached  upon  the  surface  of  the  lungs. 

A  difference  is  also  noticeable  in  the  character  of  the  superficial  epithelial  layers, 
for,  while  on  the  pleura  costalis  these  consist  of  the  ordinary  flattened  cells,  on  the 
pleura  pulmonalis  the  cells  are  less  distinctly  flattened  and  more  granular  and 
polyhedral,  but  they  become  flattened  out  when  the  lung  is  distended  (Klein). 
Beneath  the  serous  covering,  there  is  placed  a  thin  layer  of  subserous  areolar  tissue, 
mixed  with  a  large  number  of  elastic  fibres.  It  is  continuous  with  the  areolar 
tissue  in  the  interior  of  the  lung,  and  has  been  described  as  a  distinct  coat  under  the 
name  of  the  second  or  deeper  layer  of  the  pleura.  In  the  lungs  of  many  animals — 
such  as  the  lion,  seal,  and  leopard — this  subserous  layer  forms  a  very  strong 
membrane,  composed  principally  of  elastic  tissue;  in  others— as  the  guinea-pig 
— is  found  a  network  of  plain  muscular  fibres,  which  have  a  general  radiating 
direction  from  the  apex  (Klein). 

Blood-vessels,  lymphatics,  and  nerves. — The  arterial  supply  of  the 
visceral  pleura  is  derived  from  both  the  pulmonary  and  bronchial  arteries,  and  that 
of  the  parietal  pleura  from  the  intercostal,  phrenic,  internal  mammary,  mediastinal, 
and  bronchial  arteries.  The  veins  correspond.  The  capillaries  beneath  the  visceral 
pleura  form  a  coarser  network  than  those  of  the  pulmonary  alveoli.  Lymphatic 
vessels  are  abundant  in  and  beneath  the  pleura,  as  in  other  serous  membranes, 
and  they  communicate  in  many  parts,  by  means  of  stomata,  with  the  pleural  cavity. 
Iu  the  pleura  costalis,  the  stomata  are  only  found  over  the  intercostal  spaces,  not 
over  the  ribs  (Dybkowsky).  The  lymphatics  of  the  visceral  pleura  pass  with 
those  from  the  lungs  to  the  bronchial  glands.  Vessels  from  the  costal  pleura  pass 
to  small  intercostal  glands  situated  near  the  heads  of  the  ribs,  and  to  the  glands 
along  the  course  of  the  internal  mammary  artery.  The  costal  pleural  vessels 
are  connected  indirectly,  through  their  union  with  the  lymphatics  of  the  fourth 
and  fifth  intercostal  spaces,  with  the  axillary  glands  ;  and  there  is  a  connexion 
between  the  lymphatic  systems  of  the  chest  and  abdomen,  owing  to  the  free 
anastomosis  between  the  lymph-vessels  on  the  pleural  and  peritoneal  surfaces 
of  the  diaphragm.  The  nerves  of  the  visceral  pleura  are  derived  from  the 
pulmonary  plexuses,  and  those  of  the  parietal  pleura  from  the  intercostal,  vagus, 
phrenic,  and  sympathetic  nerves. 

PULMONES. 

The  shape,  surfaces,   borders,  and  relations  of  the  lungs.      Each 

lung  (pulmo)  is  irregularly  conical  (fig.  176),  and  presents  for  examination 
a  base,  an  apex,  a  costo-vertebral  and  a  mediastinal  surface  -all  of  which,  except 
the  apex,  are  bounded   by  definite   borders.     The   base   (basis  pulmonis)   looks 
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downwards,  is  large,  forming  about  one-sixth  to  one-eighth  of  the  total  superficies 
of  the  Lung,  and  has  a  concave  surface,  which  is  moulded  on  the  convex  upper 
surface  of  the  diaphragm.  It  is  partly  bounded  by  a  somewhat  horseshoe-shaped 
border,  which  is  thin,  projects  towards  the  phrenico-costal  sinus  of  the  pleural 
cavity,  and  separates  the  basal  from  the  costo-vertebral  surface.  The  smaller 
remaining  pari  is  irregularly  concave,  is  situated  medially,  and  marks  the  junction 
of  the  base  with  the  mediastinal  surface.  The  greater  part  of  the  border  uniting 
the  basal  and  the  mediastinal  surface  fits  into  the  angle  at  the  junction  of  the 
pericardium  and  the  diaphragm.  On  the  light  side,  this  angle  is  known  as  the 
cardio-hepatic  (fig.  165).  Behind  this,  on  the  right  side,  there  is  a  well-marked 
groove  for  the  inferior  vena  cava,  and  on  the  left  side  a  less  distinct  one  for  the 
oesophagus  and  aorta.  The  base  of  the  right  lung  is  separated  from  the  liver  by 
Liaphragm,  and  that  of  the  left  lung  by  the  same  muscle  from  the  stomach, 
the  spleen,  and  sometimes  the  left  lobe  of  the  liver,  and  the  splenic  flexure  of 
the  colon. 

The  apex  (apex  pulmonis)  is  blunt,  and  reaches  into  the  root  of  the  neck  only 
slightly  above  the  oblique  plane  of  the  superior  aperture  of  the  thorax,  but  about 
3  cm.  or  i  cm.  above  the  first  costal  cartilage.  It  is  separated  by  the  pleura  from 
a  number  of  important  blood-vessels  and  nerves,  as  already  explained  in  the 
account  of  the  pleura. 

The  apical  portion  of  the  lung  may  be  considered,  for  clinical  purposes,  as  reaching  down  to 
a  horizontal  plane  corresponding  to  the  second  costal  cartilage  and  junction  of  manubrium,  with 
body  of  sternum  in  front,  and  the  disk  between  the  fourth  and  fifth  thoracic  vertebrae  behind 
(J.  S.  Dickey). 

The  costo-vertebral  surface  is  convex,  and  lies  in  relation  to  the  sternum,  upper 
ten  ribs,  costal  cartilages,  and  thoracic  vertebras.  It  may  be  subdivided  into  a 
sterno-costal  part,  extending  as  far  back  as  the  angles  of  the  ribs,  and  a  vertebro- 
costal portion,  looking  backwards  and  inwards,  and  resting  against  the  ribs  from 
the  angles  to  their  heads,  and  against  the  side  of  the  bodies  of  the  vertebras.  The 
mst  u- vertebral  surface  is  bounded  in  front  by  a  well-defined  border  (except  near 
the  apex),  separating  it  from  the  mediastinal  surface  :  below,  by  a  sharp  edge  from 
the  basal  surface,  and  behind  by  a  more  or  less  distinct  vertical  ridge  from  the 
mediastinal  surface.  The  part  of  the  lung  lying  in  the  concavity  formed  by  the 
posterior  portion  of  the  ribs  is  often  termed  the  posterior  border. 

The  mediastinal  surface  (fades  mediastinalis)  presents  a  vertical  fissure  or 
hilum,  through  which  various  structures  pass  into  or  out  of  the  lung  and  form  its 
root.  Below  and  in  front  of  the  hilum,  there  is  a  large  concave  area  for  the  lodgment 
of  the  heart  and  pericardium  :  that  on  the  left  lung  being  deeper  and  more  extensive. 
Above  t  lie  hilum.  the  right  lung  is  in  close  relation  with  and  may  show  depressions 
for  the  right  innominate  vein,  the  superior  vena  cava,  the  vena  azygos,  the  trachea 
and  u.'sophagus,  and  the  phrenic  and  vagus  nerves.  On  the  left  lung,  there  is  a 
well-marked  groove  which  arches  backwards  above  the  hilum,  and  then  descends 
behind  it.  This  groove  lodges  the  aorta,  and  above  it  are  depressions  for  the  left 
innominate  vein  and  the  left  subclavian  and  common  carotid  arteries.  Behind 
the  subclavian  groove  is  an  area,  opposite  which  the  oesophagus  and  thoracic 
duct  lie. 

At  the  summits  and  posterior  borders,  the  extent  of  the  lungs  corresponds  to 

of  t  he  pleural  sacs  which  contain  them  ;   but  in  front  and  below,  the  relation 

ble,   inasmuch  as  the  anterior  margins  below  the  level  of  the  third  or 

ourth    costal    cartilages    pass    forwards    between    the    mediastinal    and    costal 

pleurae  during  inspiration,  and  retire  to  a  variable  degree  from  between  them  in 

expiration  ;   and  in  like  manner  the  inferior  margins  descend,  during  inspiration, 
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between  the  costal  and  diaphragmatic  pleurae :  probably,  at  no  time  do  they  ever 
descend  completely  to  the  line  of  reflexion  between  those  membranes. 

The    lower   edge  of  the  right  lung  usually   extends  to  the  sixth  rib  ic  the 
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Fig.  172. — Sagittal  section  of  the  trunk  of  a  man  aged  forty  years,  made  about  6  cm.  to  the  right 
of  the  median  plane  and  viewed  from  the  median  aspect.     One-third  natural  size.     (J.  S.  Dickey.) 

mammillary  line,  to  the  eighth  in  the  mid-axillary,  and  to  the  tenth  in  the  post- 
scapular  line.     The  left  lung  is  often  nearly  a  rib  lower  than  the  right. 

Fissures  and  lobes  of  the  lung-s. — The  left  lung  is  divided  into  two  lobes 
by  a  long  and  deep  fissure,  which  can  be  traced  on  the  surface  of  the  lung  from  the 
upper  and  posterior  part  of  the  hilum,  upwards  and  bn-kw  ards,  on  the  inner  surface. 
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.,„,!  reaches  the  posterior  border  al  aboul  the  level  of  the  fourth  rib;  the  fissure 
then  passes  obliquely  downwards  and  forwards  over  the  outer  surface  to  the  lower 
border,  which  it   joins  n«\.r  its  anterior  end.     This  part  of  the  fissure  is  somewhat 
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RIGHT    miti  I  .   PASSED   ABOUT    10    CM.    TO   BIGHT  OB   THE   MEDIAN   PLANE,  VIEWED    FROM    THE    MEDIAN 

Oi     third  ii  itural  size.     (J.  S.  Dickej  .) 

more  oblique  than  the  adjacent  ribs  ;  thus,  beginning  at  the  fourth  rib,  it  gradually 

rail  the  inner  surface  of  the  fifth  rib,  which  it  finally  crosses  to  reach 

■  i  co  tal  cartilage   .1  Little  belov,  the  apex  of  the  heart.    From  the  lower 

of  the  lung,  the  fissure  can  lie  seen  to  pas-  up  the  inner  surface  to  the  lower 

hilum.     The  fissure  extends  from  the  surface  deeply  into  the  lung, 
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reaching  close  to  the  hilura,  and  practically  dividing  the  lung  into  two  distinct 
parts.  The  upper  lobe  is  the  smaller.  It  forms  the  apex,  the  whole  of  the 
anterior  border,  and  the  greater  part  of  the  concavity  for  the  heart.     To  the 
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Fio.  174. — Sagittal  section  of  the  trunk  of  a  man  aged  forty  steaks,  made  about  6  cm.  to  the  left 
of  the  median  plane,  viewed  from  the  median  aspect.     One-thinl  natural  size.     (J.  S.  Dickey.) 


lower  and  larger  lobe  belong  the  greater  part  of  the  thick  posterior  border  and 
almost  the  whole  of  the  diaphragmatic  surface,  except  a  small  area  in  front.  The 
highest  part  of  the  lower  lobe  is  found  at  the  posterior  border  of  the  lung,  where  it 
usually  reaches  to  the  fourth  rib. 

In  the  right  lung  there  are  two  fissures,  dividing  it  into  three  lobes,  called  upper, 
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middle,  and  lower.     One  of  these  fissures  closely  corresponds  in  its  position  and 

.  fche  one  on  the  left  Bide,  except  that  it  is  rather  more  vertical,  and 

the  lower  border  of  the  lung  farther  outwards.    It  may  be  regarded  as  the 
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viewed  from  the  mediax  aspect.     One-third  natural  size.     (J.  S.  Dickey.) 


and  ites  the  lower  lobe  from  both  the  upper  and  middle  lobes. 

seen  on  the  outer  surface  to  pass  from  the  main  fissure 

rds,  and  to  join  the  anterior  border  at  the  level  of  the  fourth 

P    >m  this  border  it  can  be  traced  on  the  inner  surface  backwards 
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to  the  hilum.     Like  the  main  fissure,  it  extends  deeply  into  the  lung,  and  it  almost 
completely  cuts  off  the  middle  from  the  upper  lobe. 

Varieties. — Irregularities  in  the  number  and  position  of  the  lobes  of  the  lung  are  not  very 
uncommon.  Absence  of  a  lobe,  owing  to  its  non-development,  is  very  rare  ;  but  cases  of  its  partial 
union  with  the  adjacent  parts  of  the  lung,  owing  to  defective  formation  of  the  fissures,  are  often 
seen.  Accessory  lobes  often  result  from  Assuring  of  the  primary  ones.  An  accessory  lobe  on 
the  right  side,  situated  below  the  root  of  the  lung,  and  apparently  corresponding  to  the  lobus 
impar  of  various  mammals,  has  been  frequently  observed.  Several  cases  have  also  been  recorded 
of  an  accessory  lobe  above  the  root  of  the  lung,  which  was  constricted  at  its  base  by  the  vena 
azygos. 

Differences  between  the  two  lung's. — The  right  lung  is  shorter  than  the 
left,  owing  to  the  diaphragm  rising  higher  on  the  right  side  to  accommodate  the 


Fig.  176. — View  of  the  lungs  from  before,  drawn  from  the  models  of  His. 
a,  b,  c,  upper,  middle,  and  lower  lobes  of  the  right  lung  ;   d,  e,  upper  and  lower  lobes  of  the  left  lung. 


liver ;  whilst  the  left  lung  is  the  narrower,  owing  to  the  heart  and  pericardium 
encroaching  on  the  left  half  of  the  thorax.  On  the  whole,  however,  as  is  seen 
on  a  comparison  of  their  weights,  the  right  is  the  larger  of  the  two  lungs. 

As  already  described,  the  right  lung  has  an  additional  fissure  and  lobe,  as 
compared  with  the  left  lung,  and  the  mediastinal  surfaces  also  differ,  mainly,  owing 
to  a  want  of  bilateral  symmetry  of  the  heart  and  great  vessels  which  lie  between 
the  two.  The  anterior  border  of  the  right  lung  passes  almost  straight  down,  behind 
the  sternum,  from  the  level  of  the  second  to  the  sixth  costal  cartilage  ;  whereas 
the  corresponding  border  of  the  left  lung  turns  outwards  and  downwards,  opposite 
the  fourth  costal  cartilage,  and  then  usually  curves  inwards  before  joining  the 
lower  border  of  the  lung.  This  notch  in  the  anterior  border  of  the  left  lung  is 
known  as  the  incisura  cardiaca,  and  the  process  below  it  is  called  the  lingula. 

In  consequence  of  this  notch,  an  area  of  the  heart  on  the  left  side  of  tho  median  plane 
is  uncovered  by  lung.  Tho  part  of  this  area  to  the  left  of  the  sternum  is  often  called  the  area 
of  precordial  dullness,  or  the  area  of  superficial  cardiac  dullness.  Tho  area  of  tho  heart 
uncovered  by  lung  is  irregularly  triangular  in  shape,  the  three  fixed  points  being:  («)  one  at 
midsternum,  opposite  the  fourth  costal  cartilages;  (b)  another  at  tho  apex  beat ;  (c)  a  third 
at  midsternum,  at  the  junction  of  the  body  of  the  sternum  with  the  ensiform  cartilage.  The 
line  joining  the  first  two  of  these  points  is  irregularly  curved,   with   the  convexity  directed 
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The  lini  joining  the  -  i  ond  with  the  third  poinl  is  slightly  curved,  with 
•.  I  downwards  and  to  the  right.     At    the  Inner  pari  oi  it-  lower  border, 

illness  frequently  merges  in  hepatic  dullness. 

Roots  of  the  lunys.    The  rool  of  each  hum  is  composed  of  the  bronchus 

ibdivision  of  the  air-tube,  and  the  large  U l-vessels,  together  with  aerves, 

lymphatic  \>  ind  glands,  connected  together  by  areolar  tissue,  and  enclosed 

\<\  the  reflexion  of  tin-  pleura. 

Tin'  roots  <>f  tlic  lungs  an-  situated  at  the  level  of  the  bodies  ol  the  fifth,  sixth. 
ami  seventh,  and  often  also  the  eighth,  thoracic  vertebrae.  The  root  of  the  righl 
lung  lies  behind  the  superior  vena  cava  and  part  of  the  right  auricle,  and  below 
the  vein,  which  arches  over  it  to  enter  the  superior  cava.    That  of  the 

left  lung  passes  below  the  arch  of  the  aorta,  and  in  fronl  of  the  descending  aorta. 
The  phrenic  nerve  descends  m  front  of  the  root  of  each  lung,  and  the  vagus  nerve 
behind;  whilst  the  ligamentum  pulmonis  is  continued  from  the  lower  border. 
The  bronchi,  together  with  the  bronchial  arteries  and  veins,  the  lymphatics  and 
lymphatic  glands,  are  placed  on  a  plane  posterior  to  the  meat  blood-vessels,  whilst 
the  pulmonary  veins  are  in  front  of  the  arteries.  The  pulmonary  plexuses  of 
aerves  lie  on  the  anterior  and  posterior  aspects  of  the  root,  beneath  the  pleura  ; 
the  posterior  plexus  being  the  larger  of  the  two. 

On  the  righl  side,  the  undivided  portion  of  the  bronchus  is  usually  altogether 
above  the  righl  pulmonary  artery  :  on  the  left  side,  the  undivided  portion  of  the 
bronchus,  which  is  considerably  longer  than  on  the  right  side,  extends  to  below  the 
level  ..f  the  left  pulmonary  artery,  which  crosses  it.  On  both  sides,  the  pulmonarv 
veins  are  below  the  corresponding  arteries. 

Distribution  of  the  bronchi  within  the  lung-s. — As  already  mentioned, 
the  righl  bronchus  gives  off  a  branch  near  its  origin,  which  is  distributed  in  the 

upper  lol f  the  lung  (ti<_r.  ISO.  cp).  while  the  left  bronchus  passes  into  the  hilum 

of  the  lung  before  it  begins  to  divide.  Each  bronchus  possesses  a  main  stem, 
which  goes  downwards,  backwards,  and  outwards,  through  the  lung,  to  end  near 
the  posterior  part  of  the  base,  and  from  this  stem  a  series  of  ventral  and  dorsal 
I. ranches  are  given  off.  so  that  the  general  distribution  of  the  bronchi  may 
be  dea<  ribed  as  bipennate.  In  addition  to  these  two  rows  of  dorsal  and  ventral 
branches,  accessory  ones  are  occasionally  met  with,  coming  off  from  the  main 
trunk  in  its  passage  through  the  lower  lobe.  These  usually  arise  from  the  front, 
and  are  intermediate  in  position  between  the  dorsal  and  ventral  series.  The 
ventral  branches  are  usually  large  and  more  regular  than  the  dorsal.  The  lower 
part  of  the  bronchial  stem  is  not  easily  demonstrated  in  man,  owing  to  its  small 
•  mpared  with  the  branches  arising  from  it. 

The  origin  and  distribution  of  the  branches  of  the  two  bronchi  differ  in  several  respects  from 
one  another,  and  the  two  sets  are  summarised  as  follows  by  Dr.  .1.  Stuart  Dickey  (Applied  Anatomy 
of  0  md  Pleural  Membranes,  l'.»ll). 

'Th(  '       gives  off  the  following  branches  : — 

1    Apical  on  .1  bronchus  arises  2  cm.  from  the  trachea,  turns  upwards  and  outwards. 

I  'livid  •  into  an  anterior,  a  posterior,  and  an  ascending  branch,  which  supplies  the  upper  lobe 

The  main  trunk  continues  to  run  dofl  awards  and  outwards,  and  gives  off  four  or  live  ventral. 
or  four  dorsal,  branches,  and  one  subcardiac  branch. 

nti.il  bronchus:   supplies  the  middle  lobe  alone. 
The  remaining  three  oi  four  ventral  branches  supply  the  hulk  of  the  lower  lobe,  except 
i  ior  or  vertebral  surface,  which  are  supplied  by — 
I  In-  dorsal  bran  ill  in  size,  running  backwards  and  inwards; 

i-  .  hi   lower  pari  ol  the  mediastinal  surface  and  to  the  inner 

This  portion  of  the  lung  may  form  a  distinct  lobe. 
I  ■■  enl  from  the  right. 
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1.  A  very  large  branch,  arising  about  4  cm:  or  5  cm.  from  the  trachea,  divides  into  two 
branches,  which  are  believed  to  represent  the  apical  and  first  ventral  bronchi  of  the  right  side  ; 
by  means  of  these  two  branches  the  upper  lobe  is  supplied. 

(«)  The  apical  branch  gives  off  an  anterior,  a  posterior,  and  an  ascending  branch,  as  on  the 
right  side. 

(b)  The  first  ventral  supplies  the  lower  part  of  the  upper  lobe,  including  the  lingula. 

2.  The  second  to  the  fifth  ventral ;  and  the  three  or  four  dorsal  bronchi  springing  from  the 
continuation  of  the  left  bronchial  stem  supply  the  lower  lobe  much  as  on  the  right  side' 

Our  present  knowledge  of  the  distribution  of  the  bronchi  is  mainly  due  to  the  investigations 
of  Aeby,1  Ewart,-and  Narath.3 


7^*n j - 


Fig.  177. — Position  of  the  lungs  (blue),  viewed  from  the  front,  in  a  man  aged  thirty-eight  years. 

One-fourth  natural  size.     (J.  S.  Dickey.) 

The  cavities  of  the  larynx,  trachea,  and  main  bronchi  are  given  as  found  in  this  specimen ;   but   the 
position  of  the  smaller  bronchi  are  based  upon  a  metallic  cast  by  Merkel. 


Aeby  opposed  the  old  idea  that  the  division  of  the  bronchi  was  dichotomous,  and  asserted 
that  the  bronchus  of  each  lung  possessed  a  mam  stem,  which  traversed  the  organ  in  a  some- 
what curved  direction,  and  terminated  at  the  posterior  part  of  its  base.  This  main  stem 
gave  off  a  series  of  ventral  and  dorsal  branches,  and  occasionally  also  accessory  bronchi.  He 
further  divided  the  main  branches  of  the  bronchi  into  eparterial  and  hyparterial — these  names 
expressing  the  relations  of  the  bronchi  to  the  right  and  left  pulmonary  arteries.  From  the  exami- 
nation of  various  mammals,  he  concluded  that  the  eparterial  bronchi  might  be  absent,  unilateral, 
or  paired.  As  it  is  present  in  man  on  the  right  side  only  and  supplies  the  upper  lobe,  while  the 
hyparterial  bronchi  go  to  the  middle  and  lower  lobes  of  the  right  lung  and  the  upper  and  lower 
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1  Der  BroncMalbaum  der  Saugeliere  und  des  Menschen,   1880. 

-  The  Bronchi  and  Pulmonary  Blood-vessels,  1888. 

3  Der  Bronchialbaum  der  Sdugetiere  und  des  Menschen.  1901. 
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..f  the  left  lunj.  .V  l'\  hi  Id  thai  tin-  upjicr  1« >>m-  of  the  right  lung  was  not  represented  in  the 

lift     King. 

\..\  lit-  work  consists  of  a  eery  thorough  and  elaborate  examination  of  the  distribution  of 
the  bronchi  in  the  human  subject,  and  hi  i  adi  avours  to  Bhow  thai  the  seheme  of  distribution 
prop.  \  by  is  not  applicable  to  man.    Be  does  not  believe  that  the  relation  of  the  pulmonary 
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178.      RIGHT    LATERAL    ASPECT  OF  THE    THORAX  OF  A  MAN   AGED    THIRTY-EIGHT   YEARS,  SHOWING   THE 
POSITION  OF  the  LUNG  (blue).     One-third  natural  size.     (J.S.Dickey.) 

vertically  Btriped  ana  below  the  lung  indicates  the  extent  of  the  eosto-phrenie  pleural  sinus. 


i  the  main  branches  of  the  bronchi  is  a  competent  standard  for  the  determination  of 

the  morphological  value  of  the  bronchial  tubes.     J|<-  shows  the  difficulty  of  tracing  the  lower 

pari  of  A.eby'a  main  brom  bial  stem,  and  supports  the  dichotomous  division  of  the  bronchi  as 

hi  with  the  facts  than  Aeby's  view  of  a  main  stem  with  dorsal  and  ventral 

I  ..  •■•  propo        i  very  elaborate  classification  of  the  bronchi,  for  particulars  of  which 

;  i  mii-t  be  referred  to  his  monograph. 

9ome  idea  of   the  extensive  character  of  Narath's  investigations  may  be  formed  from  the 

ontains  212  figures  in  the  text  and  seven  large  plates.     The  work  is  largely 

1  enibrvological.     He  supports  the  view  of  Aeby  that  each  lung  is  traversed 
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by  a  stom-bronchus  with  ventral  and  dorsal  branches ;  but  admits  that  while  this  stem  is  very 
evident  in  the  lower  rnammals,  especially  in  tho  Echidna,  its  lower  part  is  obscured  in  the  primates 
by  changes  in  the  form  of  the  thorax,  by  which  the  lung  becomes  shortened  and  at  the  same  time 
increased  in   its  transverse  and  dorso-ventral  diameter.      He  holds  that  an  apical  bronchus 


Level  of  section  in  fig-  166 
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Fig.  179.— Left  lateral  aspect  of  the  thorax  of  a  man  aged  thirty-eight  years,  showing  the 

position  of  the  lung  (blue).     One-third  natural  size.     (J.  S.  Dickey.) 

The  vertical  striped  area  below  the  lung  indicates  the  extent  of  the  costo-phrenic  pleural  sinus. 

(eparterial  of  Aeby)  exists  on  both  sides,  although  its  origin  differs  in  different  mammals.  In 
man,  the  upper  lobe  is  supplied  by  a  trunk,  which  divides  into  an  apical  and  the  first  ventral 
branch ;  while  on  the  right  side,  the  apical  supplies  the  upper  lobe,  and  tho  first  ventral  the  middle 
lobe.  The  upper  lobe  of  the  left  lung  is,  therefore,  homologous  with  the  upper  and  middle 
lobes  of  the  right  lung.     Narath's  work  contains  a  copious  bibliography  on  tho  subject. 

Structure  of  the  bronchial  tubes.— Within  the  lungs,  the  air-tubes  are 
not  flattened  behind  like  the  bronchi  and  trachea,  but  form  completely  cylindrical 
tubes.     The  cartilages  no  longer  appear  as  imperfect  rings  running  only  upon  the 

o  2 
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front  and  lateral  surfaces  of  the  air-tube,  bul  are  disposed  over  all  sides  of  the  tuba 
in  the  form  of  irregularly  shaped  and  in.-nrnpl.-ic  rings  of  various  sizes.  These  are 
mosl  developed  at  the  points  of  division  of  the  bronchi,  where  they  form  a  sharp 
kve  edge,  projecting  inwards  into  the  tube.  They  may  be  traced— becoming 
rarer  and  rarer  and  more  reduced  in  size -as  far  as  bronchi  one  millimetre  in 
diameter;  at  about  this  poinl  tin'  mucous  -lands  disappear,  but  the  mucous 
membrane  retains  its  ciliated  epithelium.  The  muscular  Bbres,  which  in  the 
trachea  and  main  bronchi  are  confined  to  the  back  part  of  the  tube,  surround 
the  -mailer  bronchi  with  a  continuous  layer  of  annular  fibres  lying  inside  the 
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Imi,      >ki  en  showing   Tin:   LOWER   i.sn  OF  THE    TRACHEA,    its    division    into  THE  TWO   BEONOHIAI, 
....    iM,    no:   COT/BSE    IMi   CHIEF    BRANCHES    "I    THESE   within   THE   LUNGS   FROM   BEFORE. 


(After  Aeby.) 


a.  upper,  >>.  middle,  c,  lower  lobe  of  the  right  lung  ;  V ,  upper,  <'.  lower  lobe  of  the  left  Lung  ;   r.p..  right 

pulmonary  artery  :  /./'..  left  artery;  r.hr..  right  brom  bd  J  trunk  :  l.br.,  left  bronchial  trunk  ;   ep.,  on  the  right 

•     i.il  branch  supplying  the  upper  lobe  :  v.h.1,  6rst  ventral  hyparteriaJ  bronchus  supplying  the  middle 

tin  upper  lobe  on  the  lefi  :  v.h.*  v.h.3,  v.h.*.,  the  remaining  ventral  byparterial  branches 

b.  on  each  side;  cLh.1,  d.h?,  d.h.3,  d.h.K  the  four  dorsal  hyparterial  branches  distributed 

on  bol  post   rior  and  inner  part  of  the  low  <  i  lube:  h,  a<  -ecssun  bronchus  arisinjr  close  to  the  first 

I  bronchus  on  tin-  right  side,  and  representing  the  one  which  supplies  the  azygos  lobe  in  some 

i..     'I'!,,,  in. ,in  '  Imonarj    vessels  are  distributed  like  the  bronchi.     Within  the  lung 

run  behind  the  bronchial  bran,  hes,  the  venous  trunks  in  front. 


laginous    plates;    they    are   found,   however,    beyond   the  place  where  the 
ease    to   exist,    and  appear   as  irregular   annular  fasciculi   -even  in   the 
llest  tub. 

The  •   divisions  of  the  bronchi,  aboul  0'2  mm.  in  diameter,   are  known 

as  the  terminal  or  lobular  bronchioles  ;   they  end  in  the  pulmonary  lobules,  and 

of  these  lobules   ma]    be   regarded    as    a    miniature  lung.    According  to 

W.  S.    Millei   (fig.   I  >•">).  a    lobular   bronchiole   divide-    Lnto   two  or  three  passages 

B  vestibules,  oul   of  which  open  dilatations  known  as  the  atria,  and  these 

continued  into  several  blind  diverticula  termed  infundibula.     The  vestibules, 

and   infundibula    are   beset   with   recesses,  alveoli,  or  air-cells,  lined    with 
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pavement  epithelium,  and  having  in  their  walls  a  fine  capillary  network  inter- 
vening between  the  branches  of  the  pulmonary  artery  and  the  tributaries  of  the 
pulmonary  vein. 

Blood-vessels  of  the  lung's. — The  pulmonary  arteries  and  veins  are  of  large 
size,  and  at  the  root  fill  the  interspaces  between  the  large  bronchi,  so  that  no  room 
remains  here  for  any  pulmonary  tissue,  and  the  origin  of  the  lobular  bronchioles 
is  relegated  to  more  peripheral  zones.  The  branches  of  the  pulmonary  artery  form 
within  the  lung  a  duplicate  of  the  bronchial  tree,  and  do  not  anastomose  with  one 
another.     Each  bronchus  is  accompanied  by  a  single  artery,  which  tends  to  be 


Fig.  181. — Cast  of  the  interior  of  the  trachea  and  bronchi,  with  their  chief  ramifications  within 

the  lungs.     (Aeby.) 

This  cast  shows  a  type  of  division  frequently  met  with,  the  right  bronchus  being  almost  in  continuation 
of  the  line  of  the  trachea. 

a,  eparterial  branch  ;   b,  c,  hypartcrial  branches  (ventral  and  dorsal). 


associated  with  the  part  of  the  bronchial  wall  which  is  cartilaginous,  and  its  minute 
branches  enter  the  lobules  in  close  association  with  the  terminal  bronchioles. 

The  radicles  of  the  pulmonary  veins  arise  from  the  capillary  network  of  the 
alveoli  and  from  that  of  the  smaller  bronchial  tubes.  Their  radicles  arc  collected 
in  the  septa  between  the  infundibula,  apart  from  the  terminations  of  the  arteries 
and  bronchioles.  The  branches  of  these  veins  which  arise  from  the  infundibula, 
near  the  surface  of  the  lung,  run  alone  for  a  certain  distance  through  the  substance 
of  the  organ.  They  finally  either  join  some  deeper  vein  which  is  passing  towards 
the  hilum,  or  they  remain  superficial,  forming  a  wide-meshed  plexus  near  the 
surface  of  the  lung,  finally  passing  towards  the  hilum  to  join  the  larger  veins  near 
the  root  of  the  lung.     The  veins  from  the  more  deeply  lying  infundibula  form 
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frequenl  communications,  and  finaUy  coalesce  into  large  branches,  which  ultimately 
mpany  the  bronchial  tubes  and  arteries,  coursing  as  a  rule  in  front  of  the 

l ichial  tubes,  and  thus  proceed  to  the  rool  of  the  lung.    In  theircourse  together 

through  the  lung  the  artery  is  usually  found  above  and  behind  a  bronchial  tube, 

;in<l  the  vein  below  and  in  front. 

The  pulmonary  vessels  differ  from  the  Bystemic  in  regard  to  their  contents, 
much  as  the  arteries  convey  venous  blood,  whilst  the  veins  carry  arterial  blood. 


OV  TI1K   INTERIOR   OK  THE  TRACHEA   AMI   BRONCHI,  WITH  Till  IK  CHIEF  RAMIFICATIONS   WITHIN 

Tin-,  lings.    (Aeby.) 
type  "t  .  li  \  i~i..ii  less  frequenl  than  the  last,  the  right  and  left  bronchi   being  almost   at 
one  another. 
,1.  eparterial  branch  ;  '>.  ventral  hyparterial  branches  ;  V,  accessory  (azygos)  branch  :  c.  dorsal  hyparterial 

The  pulmonary  veins,  unlike  the  other  veins  of  the  body,  are  not  more  capacious 
than  their  corresponding  arteries  :  Indeed,  according  to  Winslow,  Santorini,  Haller, 
and  others,  the}  aewhat  less  so.     These  veins  have  no  valves.     The  arteries 

of  differenl  secondary  lobules  are  usually  independent;  the  veins  freely  anastomose. 
(For  further  partieulars  regarding  the  distribution  of  these  vessels,  consult 
YY.   I.  The  Bnmelii  . ,  • , .  1   Pulmonary   Blood  vessels,'  London,  1888.) 

Bronchial  vessels.— The  bronchial  arteries  and  veins,  which  are  much  smaller 

pulmonary  vessels,  carry  Mood  for  the  nutrition  of  the  lung.     The  bronchial 

i  our  fco  three  in  number  for  each  lung,  arise  from  the  aorta,  or  from 


BRONCHIAL  VESSELS 


199 


an  intercostal  artery,  and  follow  the  divisions  of  the  air-tubes  through  the  lung. 
They  are  ultimately  distributed  in  three  ways  :  (1)  many  of  their  branches  ramify 
iu  the  bronchial  lymphatic  glands,  the  coats  of  the  large  blood-vessels,  and  in 
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Fig.  183. — Portion  of  a  transverse  section  of  a  bronchial  tube,  human  (6  mm.  m  diameter). 
Magnified  thirty  diameters.     (F.  E.  Schultze.) 

a.  cartilage  and  fibrous  layer  with  mucous  glands,  and,  in  the  outer  part,  a  little  fat  ;  in  the  middle, 
the  duct  of  a  gland  opens  on  the  inner  surface  of  the  tube;  6,  annular  layer  of  involuntary  muscular 
fibres;  c,  elastic  layer — the  elastic  fibres  in  bundles  which  are  seen  cut  across;  d,  columnar  ciliated 
epithelium. 
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the  walls  of  the  bronchial  tubes,  supplying  an  outer  capillary  plexus  with  trans- 
verse meshes  to  the  muscular  coat,  and  an  inner  plexus  with  close  longitudinal 
meshes  to  the  mucous  membrane,  which  in  the  lobular  bronchioles  is  continuous 
with  that  supplied  by  the  pulmonary  artery  ;  (2)  others  form  plexuses  in  the 
interlobular  areolar  tissue  ;  (3)  branches  pass  from  the  interior  to  the  surface 
of  the  lung  beneath  the  pleura, 
and  join  the  network  of  pul- 
monary venous  capillaries  which 
is  found  there. 

The  bronchial  veins  have  not 
cpiite  so  extensive  a  distribution 
in  the  lung  as  the  bronchial 
arteries,  since  part  of  the  blood 
carried  by  the  bronchial  arteries 
is  returned  by  the  pulmonary 
veins.  The  superficial  and  deep 
bronchial  veins  unite  at  the  root 
of  the  lung,  opening  on  the  right 
side  into  the  azygos,  and  on 
the  left  usually  into  the  hemi- 
azygos vein. 
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Fig.  184. — Section    of  a  small    ukoschial  tube,   human. 
Magnified  280  diameters.     (Sobotta.) 


According  to  Zuckerkandl(' Leber 
die  Anastomosen  der  Venae  pulm.  mifc 
den  Bronchial venen,'ii.B.-w.,Sitzung8ber. 

d.  Wiener  Akad.,  Bd.  Lxxxiv.,  1881),  it  is  not  only  at  the  extremities  of  the  bronchial 
tubes  that  the  blood  brought  by  the  bronchial  arteries  is  returned  by  the  pulmonary 
veins,  but  in  other  parts  small  bronchial  veins  open  into  pulmonary  branches  ;  and  even 
veins  which  receive  branches  from  the  larger  bronchi,  from  the  bronchial  glands,  and  from 
the  posterior  surface  of  the  pericardium,  empty  their  contents  partly  into  the  great  trunks  of 
the  pulmonary  veins. 
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\  f.  w  small  branohes  of  the  intercostal  arterU  ■  also  pass  to  the  pulmonary  pleura  and  surface 
..(  the  lunL'  through  tin-  ligamentum  pulmonale  (Turner). 

Zu.kfrkan«ll  ('  Ueber  die  Verbindungen  zwischen  den  arteriallen  Gefassen  der 

mensch.  Lungen,'  Sitzungsber.  d.  Wiener 
M.'itl..  Bd.  lxxxvii..  1883),  described  an 
anastomosis  in  the  lung,  between  the 
branches  of  the  pulmonary  and  bronchial 
arteries  ;  but  this  is  disputed  by  Miller 
(The  Arrangement  of  the  Bronchial 
Blood-vessels/  Anat.  Anzeig.,  Bd.  xxviii.. 
190(3).  who  found  that  by  using  a 
granular  injecting  mass,  which  would  not 
pass  through  capillaries,  no  anastomosis 
could  be  demonstrated. 

Lymphatics. — The  alveolar  lympha- 
tics of  the  lung  take  origin  from 
lymphatic  capillaries  in  the  inter-alveolar 
septa,  and  those  near  the  surface  of  the 
lun»  come  into  connexion  with  the 
sub-pleural  lymphatic  plexus.  They 
join  to  form  vessels  which  accompany 
the  branches  of  the  pulmonary  artery 
and  vein,  running  on  the  walls  of  those 
vessels  in  twos  or  threes,  connected  by 
numerous  cross  branches,  and  in  some 
cases  almost  completely  surrounding  the 
blood-vessel. 

Other    lymphatics,     which     may    be 

distinguished  as  bronchial,  originate  in  plexuses  in  the  mucous  membrane  of    the 

l'i..n>  hial  tubes.      Hence  they  pass  through  the  muscular  coat  to  form  another 

plexus   in  the   fibrous  layer,  where 

they    arc    most   numerous    on   the 

}ide     opposite    the    accompanying 

branch    of   the  pulmonary  artery. 

Here    they    arc    not    infrequently 

found  to  enclose  nodules  of  lymphoid 
The   branched  connective- 

tissue    corpuscles    and   cell-spaces 

with  which  tin-  lymphatics  air  in 

connexion    at   their    origin,    send 

processes    upwards     to    the    inner 

surfac:  of  the  air-tubes  and  alveoli, 

between    the  epithelial   .ells   (like 

the   pseudo  ;tomata  of  the  serous 

membranes).     Lymphoid  tissue    is 

found,    according    to    Arnold,    in 
ou8  parts:  namely— under  the 

pulmonary    pleura,     in    the    peri- 

and  peri-bronchial   tissue  in  the  bronchial  wall,  and  around  the  alveolar 
■ 

The  lymphatic  vessels  of  the  lungs  ate  connected  with  numerous  lymphatic 
ad  in  the  lungs  near  bhe  nila  (broncho-pulmonary),  and  in  relation  to 


Fio.     185.— Diagram    of    the    ending    of    a 

ICHIAL    M  BE.      (W.    S.    Miller.) 

b,    termination    oJ    lobular    bronchiole    in    v. 

in!'  .    Ii\     mentis   of  which   it   communicates 

with  the  atria,  \ :  9,  air-sac,  opening  out  of  atrium 

.ml  beset  with  air-cells,  >  :    p,  lobular  arteriole ; 

t.  one  of  tin-  lobular  venules. 


Fio.  186. —  Portion  of  the  outer  surface  of  the  cow's 
LUNG.  Magnified  thirty  diameters.  (From  Kolliker, 
aftei    II  ii i ing.) 

'/.  pulmonary  alveoli  filled  artificially  with  wax  ;   b.  the 

us  "l  I  lii   smallest  lobules. 
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the  main  bronchi  outside  the  lungs  and  the  thoracic  part  of  the  trachea  (bifurcatory 
and  tracheo-bronchial). 

Nerves. — The  nerves  of  the  lung  come  from  the  anterior  and  posterior  pul- 
monary plexuses,  which  are  formed  chiefly  by  branches  from  the  vagi  nerves, 
joined  by  others  from  the  sympathetic  system.  The  fine  nerve-cords  enter  at 
the  root  of  the  lung,  and  follow  the  air-tubes.  According  to  Remak — whose  account 
has  been  confirmed  and  added  to  by  the  more  recent  observations  of  Stirling  and 
others — they  include  both  white  fibres  (derived  in  all  probability  from  the  vagus), 


Fig.  187. — Section  of  injected  lung,  including  several  contiguous  air-cells  or  alveoli.     Highly 

magnified.     (F.  E.  Sohultze.) 

o,  a,  free  edges  of  air-cells ;  c.  o,  partitions  between  neighbouring  air-cells  seen  in  section ;  b,  small  arterial 
branch  giving  off  capillaries  to  the  alveoli.  The  looping  of  the  vessels  to  either  side  of  the  partitions  is  well 
exhibited.  Between  the  capillaries  is  seen  the  homogeneous  alveolar  wall  with  nuclei  of  connective-tissue 
corpuscles  and  elastic  fibres. 

and  grey  filaments  (proceeding  from  the  sympathetic),  and  have  ganglion-cells, 
both  singly  and  in  groups,  upon  them  in  their  course.  In  the  lower  vertebrates 
(frog,  newt),  the  nerves  are  chiefly  distributed  to  a  layer  of  plain  muscular  tissue, 
which  is  everywhere  found  taking  part  in  the  composition  of  the  relatively  simple 
pulmonary  wall  (Stirling).  Berkeley  has  described  the  nerve-endings  in  mammals 
as  forming  a  plexus  of  fine  fibrils  with  interspersed  stellate  cells,  such  as  have  been 
noticed  in  many  glands  and  mucous  membranes.  The  ultimate  ending  appears 
to  be  in  open  arborisations  upon  and  between  the  alveoli. 

Weight  of  the  lung's. — The  lungs  vary  much  in  weight  according  to  the 
quantity  of  blood  they  may  happen  to  contain,  as  well  as  from  other  causes.  The 
weight  of  both  lungs  together,  as  generally  stated,  ranges  from  30  oz.  to  48  oz., 
the  more  prevalent  weights  being  found  between  36  oz.  and  12  oz.  (1,300  grms. 
in  the  male  and  1,023  grms.  in  the  female,  according  to  W.  Krause).  The 
proportion  borne  by  the  right  lung  to  the  left  is  nearly  that  of  22  oz.  to  20  oz., 
taking  the  combined  weight  of  the  two  at  42  oz.  (682  grms.  to  618  grms.,  taking 
the  combined  weight  as  1,300  grms.).  The  lungs  are  not  only  absolutely  heavier  in 
the  male  than  in  the  female,  but  appear  to  be  heavier  in  proportion  to  the  weight  of 
the  bodv. 
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gpitj  ,  ■  Note  on  the  Tnw  Weigh!  of  the  Human  Lungs,'  American  Journal  of  Anatomy, 
v-oL  iii- ;  I  to)  examined  the  lungs  of  six  criminals  executed  by  electricitj 

and  found  their  weight  to  be  much  less  than  usually  stated:  the  average  weight  of  the  right 
long  beinf  280  grms.  and  the  left  253  grms.  This  is  not  quite  half  that  given  by  Erause.  The 
Ijghti  due  to  the  almost  complete  absence  of  blood  in  the  km 

Dimensions  otthelung-s.— In  sections  through  the  thorax  of  adult  males, 
the  average  diameters  of  the  lunge  are  as  follows  :  the  greatest  vertical,  22  cm.  to 
25  cm. :  the  greatest  antero  posterior,  L3<-m.  to  Hinn.  ;  and  the  greatest  transverse, 
9cm  to  11  cm  [n  such  specimens,  the  size  of  the  lungs  is  approximately  those 
during  life  at  the  end  of  expiration ;  bul  at  the  completion  of  the  inspiratory  act 
all  the  diameters  would  be  greater.  The  collapse  of  the  lungs  after  removal  of 
the  chesi  wall  is  ao  extensive  that  they  only  occupy  ahout  one-third  of  the  volume 
whit  li  they  possess  at  the  end  oi  an  inspiration. 

Air-capacity  of  the  lungrs.— At  the  end  of  a  deep  inspiration  in  a  well- 
formed,  vigorous  man.  the  air  contained  in  the  lungs  may  amount  to  nearly 
[ ii  c.c.  :  while  in  collapsed  lungs,  such  as  are  found  in  the  cadaver  after  open- 
ing the  pleural  cavities,  the  amount  is  about  1,500  c.c.  The  average  amount  of 
air  inspired  or  expired  in  ordinary  breathing  is  about  500  c.c. 

Physical  properties.— The  substance  of  the  lung  is  of  a  light,  porous. 
Bpongy  texture,  and.  when  healthy,  is  buoyant  in  water  ;  but  in  the  fetus,  before 
respiration  has  taken  place,  and  also  in  certain  cases  of  congestion,  collapse,  or 
consolidation  from  disease,  the  entire  lungs,  or  portions  of  them,  sink  in  that  fluid. 
The  specific  gravity  of  a  healthy  lung,  as  found  after  death,  varies  from  0-345 
to  074G.  When  the  lung  is  fully  distended  its  specific  gravity  is  0126,  whilst  that 
of  the  pulmonary  substance,  entirely  deprived  of  air,  is  1*056  (Krause).  When 
pressed  between  the  fingers,  the  lungs  impart  a  crepitant  sensation,  which  is 
accompanied  by  a  peculiar  noise  ;  both  effects  being  caused  by  the  air  contained  in 
the  tissue.  On  cutting  into  the  lung,  the  same  crepitation  is  heard,  and  there 
exudes  from  the  (tit  surface  a  reddish  frothy  fluid,  which  is  partly  mucus  from 
the  air-tubes  and  air-cells,  and  partly  serum  of  blood,  rendered  frothy  by  the 
admixed  air. 

The  pulmonary  tissue  is  endowed  with  great  elasticity,  in  consequence  ol  which 
the  lungs  collapse  to  ahout  one-third  of  their  bulk  when  the  thorax  is  opened. 
Owing  to  this  elasticity  also,  the  lungs,  if  artificially  inflated  out  of  the  body, 
contracl  to  their  previous  volume  when  the  air  is  again  allowed  to  escape. 

In  infancy,  the  lungs  are  of  a  pale  rose-pink  colour,  which  might  be  compared  to 
d-fr<  th  :  bul  as  life  advances,  they  become  darker,  and  are  mottled  or  variegated 
with  .spot-,  patches,  and  streaks  of  dark  slate-colour,  which  sometimes  increase  to 
such  a  decree  as  to  render  the  surface  almost   unliormly  black. 

The  'I  til.  colouring-matter  found  in  these  Btreaks  is  in  the  form  of  granules  and  collections 
of  grannies,  frequently  not  enclosed  in  cells;  it  is  deposited  in  the  interstitial  areolar  tissue 
mostly  mar  the  surfaa  of  the  Lung,  and  is  not  found  so  abundantly  in  the  deeper  substance. 
It  exi  in  the  air -cells,  and  on  the  coat.-  of  the  larger  vessels.     Its  quantity  increases 

with  a  e,  and  L  rid  to  be  less  abundant  in  females  than  in  males.  In  persons  who  follow  the 
occupation  of  nun'  i.i  iallj  colliers,  the  lunge  are  often  intensely  charged  with  black 

matter.     The  black  substance  seems  mainly  to  consist  of  particles  of  carbonaceous  substance. 

-  found  also  in  the  bronchi  I    ;   indeed,  it  appears  to  be  taken  up  in  large  measure 

bj  the  lymphatics.  In  exceptional  cases,  the  adult  Lungs  exhibit  only  very  slight  streaks 
nt. 

Condition   in  the  fetus  and  changes  after   birth. — In    the  fetus,  the 

ntain  no  air,  and  consequently  sink  in  water.    They  undergo  very  rapid 

remarkable  changes  after  birth,  in  consequence  of  the  commencement  of 

tion  :   th«  t    their  size,  position,  form,  consistence,  texture,  colour, 


LUNGS  203 

and  weight,  and  should  be  carefully  studied,  as  furnishing  the  only  means   of 
distinguishing  between  a  still-born  child  and  one  that  has  respired. 

1.  Position,  size,  and  form. — In  a  fetus  at  the  full  period,  or  in  a  still-born 
child,  the  lungs,  comparatively  small,  lie  packed  at  the  back  of  the  thorax,  and  do 
not  entirely  cover  the  sides  of  the  pericardium.  When  respiration  begins,  the  lungs 
expand,  and  completely  cover  the  pleural  portions  of  that  sac,  and  are  also  in  contact 
with  almost  the  whole  exent  of  the  thoracic  wall,  where  it  is  covered  with  the 
pleural  membrane.  At  the  same  time  their  previously  thin,  sharp  margins  become 
more  obtuse,  and  their  whole  form  is  less  compressed. 

2.  Consistence,  texture,  and  colour. — The  introduction  of  air  and  of  an  increased 
quantity  of  blood  into  the  fetal  lungs,  which  ensues  immediately  upon  birth, 
converts  their  tissue  from  a  compact,  heavy,  granular,  yellowish-pink,  gland-like 
substance,  into  a  loose,  light,  rose-pink,  spongy  structure,  which,  as  already 
mentioned,  floats  in  water.  The  changes  thus  simultaneously  produced  in  their 
consistence,  colour,  and  texture,  occur  first  at  their  anterior  borders,  and 
proceed  backwards  through  the  lungs  :  they,  moreover,  appear  in  the  right  lung 
a  little  sooner  than  in  the  left. 

3.  Weight. — The  absolute  weight  of  the  lungs,  having  gradually  increased  from 
the  earliest  period  of  development  to  birth,  undergoes  at  that  time,  from  the  quantity 
of  blood  then  poured  into  them,  a  very  marked  addition,  amounting  to  more  than 
one-third  of  their  previous  weight  :  for  example,  the  lungs  before  birth  weigh 
about  one  ounce  and  a  half,  but  after  complete  expansion  by  respiration,  they 
weigh  as  much  as  two  and  a  half  ounces.  The  relative  ireight  of  the  lungs  to  that 
of  the  body,  which  at  the  termination  of  intra-uterine  life  is  about  one  to  seventy, 
becomes,  after  respiration,  on  an  average  about  one  to  thirty-five  or  forty — a 
proportion  which  is  not  materially  altered  through  life.  The  specific  gravity  is 
at  the  same  time  changed  from  l-056  to  about  0-342. 


UROGENITAL   SYSTEM. 


The  urinarv  and  genital  organs  are  grouped  together  under  the  term  urogenital 
system  (apparatus  urogenitalis),  as  these  organs  are  closely  associated  with  one 
another  in  their  development,  and  their  excretory  ducts  unite  to  form  a  common 
urogenital  passage  or  sinus  by  which  they  communicate  with  the  exterior. 


ORGANA  UROPOETICA. 

The  urinary  organs  (organa  uropoetica)  consist  of  the  lidnei/s.  the  glands  by 
which  the  urine  is  secreted,  and  the  ureters,  bladder,  and  urethra,  serving  for  its 
ption  and  evacuation. 

RENES. 

The  kidneys  {reives),  two  in  number,  are  compound  tubular  glands,  which  form 
the  hind  kidneys  or  meta-nephri  of  the  embryologist  and  comparative  anatomist, 
as  iImv  arc  preceded  in  ontogeny  and  phvlogenv  by  two  other  pairs  of  excretory 
organs,  known  as  the  pro-nephri  and  meso-nephri  (Wolffian  bodies).  In  the  human 
subject,  these  organs  liegin  to  retrogress  at  an  early  period  of  intra-uterine  life, 
and  soon  cease  to  act  as  excretory  organs,  their  function  being  taken  up  by  the 
meta-nephri,  which  persist  throughout  life,  and  are  consequently  termed  the 
permanent  kidneys. 

Position. — The  kidneys  are  deeply  situated  in  the  loins,  lying  one  on  each  side 
of  the  vertebral  column,  at  the  back  part  of  the  abdominal  cavity  and  behind  the 
peritoneum.  Their  long  axes  are  not  quite  vertical,  but  incline  from  above  some- 
what forwards  and  outwards.  They  are  on  a  level  with  the  last  thoracic  and  the 
upper  two  or  three  lumbar  vertebrae  (fig.  L92),  the  right  kidney  being  usually  a 
little  lower  than  the  left — probably  in  consequence  of  the  vicinity  of  the  large  right 
lobe  of  t  he  liver.  The  upper  ends  of  t  he  kidneys  are  anterior  to  the  twelfth  ribs,  and 
their  lower  extremities  several  centimetres  above  t  he  iliac  crests.  The  transpyloric 
plane  corresponds  to  about  the  junction  of  the  upper  third  with  the  lower  two- 
thirds  of  the  kidneys,  and  a  sagittal  section  in  the  lateral  plane  would  divide  the 
kidney  through  nearly  its  entire  length,  but  leaving  rather  the  larger  half  lateral 
to  the  section.  Each  kidney,  therefore,  lies  in  adjacent  portions  of  the  epigastric, 
hypochondriac,  umbilical,  and  lumbar  regions  of  its  own  side. 

Variation  in  the  height  of  the  kidney.    -The   kidney  exhibits  a  considerable  range  of 

to   its  height    in  relation   to  the    vertebral  column.      F.   Helm   ('Zur 

iedea  menschlichen  Nieren,'  Atuil.  .  I«.:<  /;/..   I'.d.   \i..  lsic,)  found  t  hat  not  infrequently 

hed  i  the  upper  border  of  the  eleventh  thoracic  vertebra,  but  it  was  very 

!\  opposite  the  h  nth.     On  the  other  hand,  it  may  be  a  vertebra  era.  vertebra  and  a  half  lower 

very  exa  ptionallj  doei   it    lower  pole  extend  downwards  to  the  side  of  the 

tiftli  lumbar  vertebra. 

(204) 
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Although  the  kidney  does  not  usually  reach  as  low  as  the  iliac  crest  it  may  do  so  without 
any  signs  of  disease  or  enlargement.  Thus  out  of  264  male  subjects  examined  to  determine  the 
relation  of  the  lower  end  of  the  kidneys  to  the  highest  part  of  the  iliac  crest  (see  Thomson, '  Report 
of  the  Committee  of  Collective  Investigations,'  Jour.  Anat.  and  Phys.,  vo  1.  xxvi.,  October,  1891), 


Fig.  188.— The  urinary  orgaks  of  the  female,  from  behind.     (Henlc.) 

R,  right  kidney  ;  U,  commencement  of  the  ureter  ;  A,  aorta,  Ar.  right  renal  artery,  Vc,  inferior  vena  cava  ; 
Vr,  right  renal  vein  ;   Vu,  urinary  bladder;    Ua,  commencement  of  uretlira. 


twenty-four  were  at  or  below  the  crests,  sixteen  at  the  crest,  and  only  six  below  it.  In  1S4 
females,  twenty-nine  were  at  or  below  the  crest,  and  of  these  eighteen  were  below  the  crest. 
Downward  displacement  of  the  kidneys  is  thus  more  common  in  women  than  men.  These 
observations  also  showed  that  the  right  kidney  was  on  the  average  lower  than  the  Left. 

Form  and  relations. — The  surface  of  the  kidney  is  smooth  and  of  a  deep  red 
colour.  It  is  bean-shaped,  and  possesses  two  surfaces — an  anterior  looking  forwards 
and  outwards,  and  a  'posterior  backwards  and  inwards;  two  borders — a  lateral, 
which  is  convex,  and  a  median,  concave  ;    and  two  somewhat  enlarged  convex 
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and  lotoer.    The  BO-caUed  inner  border  of  the  kidney  always 
m<  re  or  less  forwards,  and  frequently  its  bilum  looks  directly  forwards. 
1  te  posterior  surfaces  of  the  two  kidneys  lit-  against  the  abdominal  wall,  and 
are  nearly   identical  in  then  relations;  but  the  connexions  of  their  anterior  or 


i    \n\\    ..i    THE  TEDMC,  SHOWING  TH]    RELATIVE   POSITIONS  OF  THE  PBJN'CII'.U.  THoK  MIC  AND 

abdominal  vi  co.     One-fifth  natural  Bize.    (R.  .1.  Godlee  and  <;.  I).  Thane) 

;  their  large  fissures  arc  indicated  by  thin  lino  ;    1 1 1. ■  | >< .-it i< hi  ni  the-  heart  and 
iperior  vena  cava,  arch  of  aorta,  and  pulmonary  artery),  as  well  as  the  abdominal  aorta  and 
teries,   by  thick  lines;  the  liver  is  represented  by  a  broken  line;  the  stomach 
i  by  thick  dotted  lines;  and  the  kidneys  by  thin  dotted  lines. 

sceral  surfaces  diifer  on  the  two  sides.     There  is  a  variable  amount  of  adipose 

jue,  but  ao  peritoneum  behind  the  kidneys.     The  upper  part  of  the  posterior 

the  diaphragm ;   this  muscle   separating  the  kidney  from  the 

the  twelfth   rib.   and  sometimes  also  from  the  eleventh  rib  (see  fig.  79). 

the  twelfth  rib,  the  psoas  and  quadratus  lnmborum  muscles  are  related  to 
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this  surface,  and  the  areas  for  these  two  muscles  are  often  separated  by  a  distinct 
border  on  the  kidney  (see  fig.  193).  The  last  thoracic,  the  ilio-hypogastric,  and 
the  ilio-inguinal  nerves  pass  obliquely  outwards  and  downwards  between  the  kidney 
and  the  quadratus  lumborum. 

The  anterior  surface  of  both  kidneys  usually  exhibits  a  more  or  less  distinct 
transverse  ridge,  above  and  below  which,  it  slopes  as  an  inclined  plane  towards  each 
extremity,1  this  division  of  the  surface  into  two  parts  being  usually  best  marked 


Fig.  190. — Determination  of  the  position  of  the  kidneys  on  the  front  of  the  body  : 

(R.  J.  Godleo   and  O.  D.  Thane.) 

The  position  of  the  hilum  is  indicated  on  each  kidney  by  a  finely  striped  area. 


scheme. 


on  the  left  kidney.  The  anterior  surface  of  the  right  kidney  is  covered  on  its  upper 
and  outer  part  by  peritoneum,  which  intervenes  between  it  and  the  large  renal 
impression  on  the  liver.  Near  its  median  border  the  second  part  of  the  duodenum 
descends  in  contact  with  it,  while  more  externally  it  is  crossed  by  the  commence- 
ment  of  the  transverse  colon  ;  both  these  portions  of  the  intestine  are  destitute 
of  peritoneum  posteriorly.  The  lower  end  of  the  right  kidney  is  again  covered  by 
peritoneum.     The  anterior  surface  of  the  left  kidney  is  crossed  transversely,  juht 

1  D.  J.  Cunningham,  '  On  the  Form  of  the  Spleen  and  the  Kidneys,'  Jour.  Anat.  and  Phys.,  vol.  xxix., 
July  1895. 
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above  the  level  of  the  hilum,  by  the  pancreas  and  the  splenic  vessels.  Above  this, 
tl,.  re  is  usually  a  small  area  covered  by  the  stomach  ;  the  lesser  sac  of  the  peri- 
toneum intervening.     Below  the  pancreas,  it  is  separated  from  some  coils  of  the 


\n\\    hi    riu    TRUNK,  snnwisi.  tin:   i:i  i  \ti\i    POSITIONS  OP   I'm'  principal  THORACI C 
u    \i  i  i     l,  ktc.     One-fifth  natural  size.     (R.  J.  Godlee  and  G.  D.  Thane.) 

odicated  in  the  Bame  manni  ir  as  in  fig,  189:  the  trachea  and  Lungs  by  thin  lines, 

the  liver,  pancreas,  and  spleen  bj   broken  lines,  tlie  (esophagus,  stomach,  ascending 

ilon  by  thick  dotted  lines,  and  the  kidneys  by  thin  dotted  lines  ;   X»  X>  seventh  i  ervical  and 


Bmall  int  toneum.    The  upper  end  of  the  right  kidney  is  capped 

rarenal  gland  and  the  liver,  and  that  of  the  left  kidney  by  the  left 

nd  and  the  Bpleen.     The  lower  ends  of  the  kidneys  are  generally  smaller  than 

I  i  icl  on  an  average  to  within  about  3  cm.  to  5  cm.  of  the  iliac 
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crest.  The  lateral  border  of  the  light  kidney  is  covered  in  about  its  upper  two-thirds 
by  the  liver,  and  the  left  kidney  in  its  upper  half  or  more  by  the  spleen.  The 
ascending  colon  on  the  right  side  and  the  splenic  flexure  and  descending  colon  on 
the  left  are  found  at  the  lower  and  outer  parts  of  the  right  and  left  kidneys  respec- 
tively. The  median  border  presents  about  its  middle  third  a  vertical  fissure  termed 
the  hilum,  bounded  by  anterior  and  posterior  lips  and  serving  for  the  passage  of  the 
blood-vessels,  lymphatics,  nerves,  and  excretory  duct  of  the  kidney.     The  direction 


Fig.  192. — Outline  view  of  the  kidneys  from  behind,  constructed  from  a  series  of  horizontal 
sections  through  the  trunk  of  an  adult  male.     One-half  natural  size.     (J.  Symington.) 

R.K.,  L.K.,   right   and  left   kidneys  ;    E.S.,    outer  border  of  erector  spin;e  muscle ;    Q.L.,  outer  border  of 
quadratus  lumborum  muscle  ;   I.e.,  iliac  crest ;   p.p.,  dotted  line  to  show  lower  limit  of  costal  pleura. 


of  the  hilum  varies  considerably  in  different  subjects,  and  even  on  the  two  sides 
in  the  same  individual ;  but,  as  a  rule,  it  looks  more  forwards  than  towards  the 
middle  line,  and  not  infrequently  the  posterior  lip  reaches  as  far  forwards  as 
the  anterior  one. 

D.  J.  Cunningham  1  has  shown  that  the  kidneys,  when  hardened  in  situ,  present 
facets  corresponding  to  the  viscera  with  which  they  are  in  contact,  and  the  posterior 
surfaces  also  have  slight  depressions  opposite  the  last  rib,  and  the  transverse 
processes  of  the  upper  two  lumbar  vertebra?. 

Variations  in  position  according-  to  age — The  ureter  is  developed  as  an  outgrowth 
from  the  Wolffian  duct.    This  ureter-bud  grows  at  first  in  a  dorsal  and  I  hen  in  a  cranial  direction. 


Op.  cit.,  p.  207. 
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inili.  mialendorrt  aal  pelvis  acquires  its  definite  fetal  position,  opposite  the  second 

lambar  vertebra,  in  embryos  95  mm.  to  13  mm.  in  length.  The  kidney,  which  is  formed  from  out- 

-rowths  of  ooll  bulesfromthe  renal  pelvis  and  from  the  surroundin.'  meta-nephrogonetic 

inds  in  thefirsl  half  of  fetal  life  to  the  upperthree  Lumbar  vertebrie;  whih-  in  the 
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....    Z-'lumhSpine.^5'"'"'' 
Disc  of  Liu  Liu 

Tig.   ]'.>:!.     IIiiki/.imai.  m:iti<>n  ob  the   abdombH  of  a  .max.  aged   fifty  years,  made  at  the  level 
OF  Tin:    DISK    BETWEEN   THE   SECOND   AM)   THIRD    LTJMBAJB  VEETEBR.E.      (P.  T.    Crymblc.) 

Tho  right  kidney  i-i  ilivi<!<-il  npposito  its  hilum;  the  left,  below  its  liilum. 
For  other  horizontal  Motions  through  the  kidneys,  see  figs.  80,  81,  and  83 ;  and  for  sagittal  sections,  figs.  172, 
173,  and  174. 

1  half,  tin-  cranial  pole  rises  to  the  eleventh  rib,  and  the  caudal  one  to  the  upper  border  of 
tin-  tifth  lumbar  vertebra  (W.  Felix,  in  Keibeland  Mall's  Manual  of  Human  Embryology,  vol.  ii., 
L912        huring  the  first  year  after  birth.  Alglave  ('Note  sur  la  situation  du  rein  chez  le  jeune 

A  U 


Via.  104.— Diagram  to  illustrate  the  relations  of  tju:  KIDNEYS,  \~  -i  en  from  before.     (J.  Symington.) 

\.  right  :  -   area  for  right  Buprarenal  gland,  non-peritoneal;   L,  area  for  liver,  peritoneal ;   D,  area 

di  iluixli-num,  non-peritoneal  ;    t'.  area  for  a-nnling  colon  and  hepatic  flexure  of  colon,  non- 

1  i,  for  co  iejono-ilenm,  peritoneal     B,  left  kidney  :  S,  area  for  left  suprarenal 

foi    tomach,  peritoneal;  Sp,  area  for  aploen,  peritoneal ;  C,  area  for  splenic 

i •  1  in ir  colon,  non-p  ritoneal  ;   J.L,  area  for  convolutions  of  jejuno-ileum,  peritoneal ;   P,  area 

lon-periton 

'  M.tn.  8oc.  .  I  /"</..  M.l.  lxxw..  Paris.  1910)  found  tho  caudal  pole  of  the  kidney  in 

■  I    i.f   thirty-two  cases  examined   by  him;   between  tho  first  and 

■  lii^  pole  was  in  the  iliac  fossa  in  only  three  out  of  nine  cases,  and  after  the  second 
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year  it  was  always  above  the  iliac  crest.  This  change  appears  to  be  due  to  a  more  rapid  growth  of 
the  posterior  abdominal  wall  in  the  lumbar  region  as  compared  with  that  of  the  kidney,  by 
which  the  space  between  the  last  rib  and  the  iliac  crest  is  considerably  increased. 

The  kidney  undergoes  two  rotations  round  its  long  axis  during  its  growth.  The  renal  pelvis 
and  collecting-tubules  are  at  first  dorsal  to  the  ureter,  but  they  soon  change  so  as  to  occupy  a 
position  lateral  to  the  ureter.  Subsequently,  there  is  a  rotation  in  the  opposite  direction — usually 
of  about  45° — so  that  the  hilum  looks  obliquely  forwards  and  inwards. 

Size  and  weig'ht. — The  kidneys  measure  about  11  cm.  to  12  era.  in  length, 
6  cm.  in  breadth,  and  3  cm.  to  4  cm.  in  thickness.  The  left  is  usually  longer  and 
narrower  and  a  little  heavier  than  the  right.  The  weight  of  the  kidney  is  usually 
stated  to  be  about  120  grms.  to  140  grms.  in  the  male,  and  somewhat  less  in  the 
female.  Vierordt  gives  277  grms.  as  the  weight  of  the  two  kidneys  together  in  the 
male.     The  specific  gravity  is  about  T050. 

Varieties. — The  kidneys  sometimes  vary  from  their  normal  form,  being  either  longer  and 
narrower,  or  shorter  and  more  rounded.  The  characteristic  fetal  lobulation  may  persist  in  the 
adult.  Occasionally,  one  kidney  is  very  small,  while  the  other  is  proportionately  enlarged. 
Numerous  cases  are  recorded  of  absence  of  one  kidney — most  frequently  the  left.  The  single 
kidney  is  usually  enlarged,  but  not  invariably.  The  occurrence  of  an  additional  kidney  is  rare. 
A.  F.  Dixon  ( '  Supernumerary  Kidney :  the  Occurrence  of  Three  Kidneys  in  an  Adult  Male 
Subject,'  Jour.  Anat.  and  Phys.,  vol.  xlv.,  January  1911)  has  collected  records  of  ten  cases,  several 
of  which  were  observed  by  surgeons  during  abdominal  operations.  In  Dixon's  case,  the  right 
kidney  was  normal,  but  on  the  left  side  there  were  two  kidneys — upper  and  lower — separated 
from  one  another  by  a  distance  of  2"8  cm.  The  ureter  from  the  upper  kidney  was  joined  by 
that  from  the  lower,  so  that  there  were  only  two  ureteric  openings  into  the  bladder.  W.  M. 
Mills  has  recently  described  another  case  in  the  same  Journal  (vol.  xlvi.,  April  1912).  In  this 
specimen  also,  the  additional  kidney  was  on  the  left  side. 

Instances  are  now  and  then  met  with  in  which  the  two  kidneys  are  joined  by  their  lower 
ends  across  the  front  of  the  great  blood-vessels  and  vertebral  column.  The  conjunct  organ 
has  usually  the  form  of  a  horseshoe,  with  the  convexity  downwards.  It  is  due  to  a  fusion  of 
the  caudal  ends  of  the  two  kidneys. 

Sometimes  two  united  kidneys  are  situated  on  one  or  other  side  of  the  vertebral  column 
in  the  lumbar  region,  or — but  much  more  rarely — in  the  cavity  of  the  pelvis. 

The  kidney  may  be  movable,  owing  to  the  laxity  of  its  areolar  and  adipose  capsule,  or,  in  rare 
cases,  floating,  when  it  has  a  more  or  less  distinct  meso-nephron,  and  the  peritoneum  moves  with 
the  organ.  These  conditions  occur  much  more  frequently  in  connexion  with  the  right  than 
with  the  left  kidney  (see  W.  Arbuthnot  Lane,  '  Floating  Kidney,'  Jour.  Anat.  and  Phys.,  vol.  xx., 
April  1886). 

Structure. — The  kidney  is  surrounded  by  a  proper  fibrous  coat,  tunica 
fibrosa,  which  forms  a  thin,  smooth,  but  firm  investment,  closely  covering  the 
organ.  It  consists  of  dense  areolar  tissue,  with  numerous  fine  elastic  fibres,  and 
can  easily  be  detached  from  the  substance  of  the  gland,  to  which  it  adheres  by 
minute  processes  of  connective  tissue  and  vessels.  Underneath  the  fibrous  tunic 
in  the  human  kidney  is  an  incomplete  layer  of  plain  muscular  fibres. 

Outside  the  tunica  fibrosa  is  a  quantity  of  loose  fatty  tissue  (capsula  adiposa). 
The  amount  of  this  tissue  varies  considerably.  It  is  best  developed  on  the  posterior 
surface  of  the  kidney,  at  the  hilum  and  the  lower  pole,  while  on  the  anterior  surface 
it  is  often  absent.  It  is  continuous  above  with  the  adipose  tissue  round  the 
suprarenal  gland.  External  to  the  capsula  adiposa  is  a  layer  of  fibrous  tissue 
(fascia  renalis  of  Gerota).1  This  fascia  is  continuous,  laterally,  with  that  lining  the 
transversalis  muscle,  and  at  the  lateral  border  of  the  kidney  it  splits  into  two  layers, 
one  passing  in  front  and  the  other  behind  the  kidney.  The  anterior  layer  is  con- 
tinued forwards  in  front  of  the  renal  vessels,  the  aorta,  and  the  inferior  vena  cava, 
to  unite  with  the  layer  of  the  opposite  side,  while  the  posterior  layer  is  connected 
with  the  fascia  on  the  quadratus  lumborum  and  psoas  muscles,  and  may  some- 
times be  traced  to  the  front  of  the  bodies  of  the  vertebrae.     The  two  layers  also 

1  'Beitriige  zur  Keiintnis  des  Befestigungsapparates  dor  Niere,'  Arch.  j.  Anat.,  1895. 
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ipra-renal  gland,  and,  uniting  above  this  organ,  blend  with  the  fascia 
on  the  under-surface  of  the  diaphragm.  Below  the  kidney,  the  union  of  the  two 
[aye]  ■  usually  distinct,  bu1  they  are  gradually  lost  in  the  fascia  of  the  iliac 

Tin'  kidneys  move  up  ami  down  (luring  respiration",  bul  excessive  movement 
is  checked  by  the  surrounding  fascise,  the  renal  blood-vessels,  and  the  tonicity  of 
the  muscular  wall  of  the  abdomen. 

On  -i>ln t in ii  i  |"  n  the  kidney  by  a  Longitudinal  section,  from  its  lateral  to  its 
median  bonier,  the  fissure  named  the  hilum  (fig.  195./;.  h)  is  found  to  extend  some 
distance  into  the  interior  of  the  organ,  forming  a  cavity  called  the  sinus  of  the 

kidney  (s).     This  is  enclosed  on  all  sides,  except 

..--^  ~"^N  at  the  hilum.  by  the  solid  substance  of  the  organ, 

and  is  lined  by  an  inward  prolongation  of  the 
fibrous  coat.  The  sinus  contains  the  calyces 
and  the  upper  part  of  the  pelvis  of  the  ureter, 
branches  of  the  renal  blood-vessels,  lymphatics, 
nerves,  and  fat.  The  solid  part  consists  of 
cortical  and  medullary  substances  ;  the  latter 
being  arranged  in  conical  masses  named 
pyramides  renales  [Malpighii],  with  their  broad 
bases  (b,  b)  directed  towards  the  surface,  and 
their  points  towards  the  sinus,  where  they  form 
prominent  papilla  renales.  The  pyramids  are 
embedded  in  the  cortical  substance,  which 
separates  them  from  the  surface  of  the  kidney, 
and  to  a  greater  or  less  extent  from  each  other. 
The  papillae,  from  seven  to  twelve  in  number, 
project  into  the  calyces  minores  of  the  ureter. 
Some  of  these  papillae  may  correspond  to  a 
single  pyramid,  but  as  a  rule  they  represent  the 
fusion  of  the  apical  portions  of  two  or  more 
adjacent  pyramids. 

The    external    or   cortical   substance    (a)    is 
situated  immediately  within  the  fibrous   tunic, 
and  forms   the   superficial    part    of   the    organ 
throughout  its  whole   extent    to  the  depth    ot 
about  4  mm.,  and,  moreover,  sends  prolonga- 
tions     inwards      (cnhunnw     renales    [Bertini]) 
between    the    pyramids.      It    is    of    a    nearly 
uniform    lighl    crimson-brown  colour,   is  soft,  and  easily  lacerated  in  directions 
vertical    to  the    surface,   and  is  composed  mainly  of  convoluted  renal  tubules. 
i     medullary   portion   of   the   kidney  is  more  dense  than  the   cortical,  and   is 
tl\   striated,  owing  to  its  bundles  of  straight  and  nearly  parallel  tubules. 
The   bundles  are  ited   from  one  another    towards  the    outer  part  of  the 

aids  by  blood-vessels,  and  they   penetrate  for  a  certain  distance  into  the 
■..  forming  its  pars  radiata  or  the  medullary  rays.     Towards  the   papilla;, 
re    of    a    lighter    colour    than    the    cortical    substance,    but    at 
their  bases  they  are  usually  purplish  and  darker. 

mammals, « .i/..  the  rabbit  (fij  .196),  the  kidne]  consists  of  a  single  pyramid,  invested. 

I'lll.i.  bj  i    ■  .     Usually,  however,  the  kidney  contains  .a  number 

i   li    "f    whirl,    with    it-    investing    cortical    substance    forms  a  renculus.     The 

oU  and  the  extent  of  their  fusion  \  tly  in  different  animals.     The  finely 

lidney   of   thi  in  extreme  illustration  of  the   non-fusion  of  numerous 

e  hue  the  fetal  kidney  is  more  or  less  lobulated,  but 


196.      I'l  w     01       \     LI  '\'.i  I  i  nivu. 
union. 11   THE  ri  i.\  i-     we 
01     on.    iai.il  i    mi>\i.\  . 
i  Ine-hali  natural  size. 

a,  the  i  orticaJ  .  b,  b,  broad 

pari  oi  tun  oi  the  pj  ramida  oi  Malpighi . 
r.  e,  the  divisions  oi  the  pelvis,  named' 

laid    e|*n  ;    .    .    ul><'    n!     these    ull- 

.'.  i/.  summit  oi  the  |i\  ramida  or 

into    calyces;    e,    e, 

m     of     the     narrow     part     of     two 

.  .  pelvis  or 

portion   "t    the    ureter   within 

.   the   ureter  ;   s,  the  sinus 

idnej  :    .'«.    the    hilum    of    the 

kridni 
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the  shallow  furrows  separating  the  lobules  tend,  as  age  advances,  to  become  filled  up  and  the 
surface  to  present  a  smooth  appearance. 

It  is  often  assumed  that  in  man  the  number  of  papillae  projecting  into  the  calyces  rninores 
represents  approximately  the  number  of  pyramids,  but  according  to  R.  Maresch  ('Ueber  die 
Zahl  und  Anordnung  der  Malpighi'schen  Pyramiden  in  der  mensehlichen  Nieren,'  Anat.  Anzeig., 
Bd.  xii.,  August  1S96),  this  is  far  from  being  the  case.  Thus  in  the  right  kidney  of  a  man 
thirty-nine  years  old,  there  were  eight  papilla?  and  thirty-five  pyramids,  and  on  the  left  side  nine 
papillae  and  thirty-eight  pyramids.  It  is  especially  towards  the  poles  of  the  kidneys  that  the 
pyramids  exhibit  a  marked  tendency  to  fuse  into  a  single  papilla.     In  each  of  the  kidneys  just 


Fig.  19t>.— Diagram  of  the  course  of  the  tubules  in*  a  uni-pyramidal  kidney,  such  as  that  of  the 

RABBIT.       (Toldt.) 

a,  Malpighian  bodies  ;  b,  first  convoluted  tubule  ;  c,  J.  looped  tubule  of  Henle  ;  e,  second  convoluted  tubule  ; 
/,  collecting-tubule  :  g,  placed  between  two  tubules  formed  by  the  union  of  a  number  of  collecting-tubules 
which  open  at  foramina  papillaria  on  the  surface  of  the  pyramidal  papilla. 


mentioned,  nine  pyramids,  situated  at  the  upper  end,  ended  in  one  papilla.  It  is  obvious  that 
many  of  the  columns  of  Bertini  are  of  a  secondary  or  rudimentary  type,  and  only  separate 
adjacent  pyramids  at  their  base. 

The  proper  substance  of  the  kidney  consists  of  long  but  very  small  branching 
tubules  (tubuli  renales),  which  commence  as  dilated  and  invaginated  capsules  cover- 
ing capillary  tufts  of  blood-vessels  (glomeruli).  The  capsules  and  glomeruli  form  the 
corpusculce  renis  [Malpighii],  which  lie  in  the  cortex  of  the  kidney.  After  a  com- 
plicated course,  the  renal  tubules  terminate  by  opening  on  the  free  surface  of  the 
papilhe  of  the  pyramids.  On  scpueezing  a  fresh  kidney  which  has  been  slit  open,  a 
little  urine  will  be  seen  to  drain  from  the  papillae  by  the  fine  orifices  of  the  collecting 
urinary  tubules  into  the  terminal  divisions  of  the  ureter.  About  twenty  to  thirty 
of  these  orifices  are  present  on  the  papillary  surface  of  each  pyramid  of  the  adult 
kidney. 

Blood-vessels. — The  kidneys  are  highly  vascular,  and  receive  their  blood  from 
the  renal  arteries,  which  are  very  large  in  proportion  to  the  size  of  the  organs  they 
supply.  Each  renal  artery  divides  into  four  or  five  branches,  which,  passing  in  at 
the  hilum,  between  the  vein  and  ureter,  may  be  traced  into  the  sinus  of  tin'  kidney, 
where  they  lie  amongst  the  calyces,  together  with  which  they  arc  usually  embedded 
in  a  quantity  of  fat.  Penetrating  the  substance  of  the  organ  bel  ween  the  papilhe, 
the  arterial  branches  enter  the  cortical  substance  which  intervenes  between  the 
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mids,  .tinl  proceed  in  this,  accompanied  by  a  sheathing  of  areolar  tissue,  and 
dividing  and  subdividing,  to  reach  the  bases  of  the  pyramids,  where  they  form 

\rchet  between  the  cortical  and*  medullary  parts,  which,  however,  are  not 

complete,  and   in  this   respect 
diffei    from  the   freely  anasto- 
mosing    venous    arches     which 
impany    them.     From    the 
arches,     peripheral      branches 
(artericB  interlobulares  (fig.  199, 
at)  )  are  given  off,  which  pass 
outwards   hetween  the  medul- 
lary rays  and  amongst  the  con- 
voluted   tubules,     pursuing    a 
nearly  straight  course  towards 
t  he   surface  of  the  organ.     As 
they  proceed,  they  give  off  at 
intervals     short     and    usually 
curved  branches  (arteriw  glome- 
ruhrum),  which  proceed  without 
further  division  to  the  dilated 
ends  of  the  renal  tubules.  Within 
the  capsule,    the  small    artery 
(vas  adferens)   breaks  up   into 
a   larger    number   of    capillary 
vessels,  which  have  a  convoluted 
arrangement,   and  are   closely 
held     together    by    connective 
tissue    to    form     a    spheroidal 
vascular  tuft  called  the  glome- 
rulus.    A     vein  (vas    effe.rens), 
small*  r  than  the  artery,  emerges 
from   the  glomerulus  close    to 
the    point    where    the    artery 
enters  ;  but,  instead  of  joining 
with  other  small  veins  to  form 
larger  venous  trunks,  as  is  the 
case  in  other  organs,  the  efferent 
vessel    divides     into    branches 
after  the  manner  of  an  artery, 
and  from  these  arises  a  dense 
network    of    capillaries    which 
everywhere    ramify    over    the 
walls  of  the  uriniferous  tubules 
(fig.  199),  the  meshes  of  the  net- 
work being  polygonal  amongst 
the    convoluted     tubules    and 
elongated  amongst  the  tubules 
of  the  medullary  rays.     But  the 
■  •Is   from   tin-  Lowermost  glomeruli  break  up  wholly  into  pencils  of 
;ht   vessels  (pseud-arteria  recta)  (fig.   L99,  w),  which  pass  directly  into  the 
e    of  the  medulla,  and  there  supply  the  continuation  downwards  of 

'diary  rays  into  the  pyramid. 


Fio.  197.   -Diagram   "i    thb   course   oi    two    i  kimi  krous 

i  i  Bl  l.i.-.      i  k' 
A.    cortex;      B,    boundary,    zone    (.'.    papillary    zone   of   the 

mi  dull. i ;  a  iperficial  rad  deep  layei    of  cortex,  free  fj  oni 

'ili. 
I .  '  Malpighii]  ;    2,  neck    of   tubule  ;    3, 

I  tabu!        I,  firs!  Bpiral  tubule  ;    5,  de  a 

tubule  oi  II'  ill' ■:    6,  loop  of  Henle ;   7,8, 

i    lit   of   looped    tlll.lllr    ..I     ||,i,|,    :     111, 

;   II.  second  convoluted  tubule;    12,  junctional  tubule; 
.•lit    or  collecting- tubules ;    several  coll, 

I  nbule,  which  opens  on  thi  papilla  "i  a 
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The  renal  arteries  give  branches  likewise  to  the  capsule  of  the  kidney,  which  anastomose 
with  branches  of  the  lumbar  arteries,  and  that  so  freely  that  Ludwig  was  able  partially  to  inject 
the  kidneys  of  a  dog  from  the  aorta  after  the  renal  arteries  had  been  tied. 

The  blood  is  conveyed  from  the  cortex  of  the  kidney  by  veins  (vence  interlobulares), 
which  accompany  the  interlobular  arteries,  and  join  the  convex  side  of  the  venous 
arches  which  lie  between  the  medulla  and  cortex,  and  also  by  veins  which  lie  close 
beneath    the  capsule  of  the  organ, 
and  take  origin  by  the  convergence 
of  minute  venous  radicles,  so  as  to 
present  a  stellate  appearance  (vence 
stellulce).   These  vessels,  which  receive 
blood  from  the  capsule  of  the  kidney, 
pass  inwards  through  the  cortex  and 
also  join  the  venous  arches. 

With  the  exception  of  the  blood 
brought  by  the  false  arterire  rectse, 
the  blood-supply  of  the  medulla  is 
to  a  great  extent  independent 
of  that  of  the  cortex,  although  of 
course  the  capillary  network  is  con- 
tinuous throughout.  The  pyramids 
are  chiefly  provided  with  blood  by 
branches  which  come  off  directly  from 
the  concave  side  of  the  arterial 
arches,  and  passing  down  into  the 
boundary  layer  of  the  medulla  there 
divide  to  form  bunches  or  pencils 
of  parallel  or  slightly  diverging 
minute  vessels  (arterice  rectce,  fig. 
199,  ar),  which,  by  alternating  with 
the  bundles  of  uriniferous  tubules 
which  are  passing  up  to  the  cortex 
to  form  the  medullary  rays,  produce 
the  characteristic  streaked  appear- 
ance of  this  part  of  the  pyramid 
(see  fig.  198). 

The  long-meshed  capillary  net- 
work which  is  supplied  by  the 
arteriae  rectae  is  continued  down 
to  the  apex  of  the  papilla.  Here 
the  veins  of  the  pyramid  commence 
in  a  close  plexus  of  small  venous 
radicles  surrounding  the  excretory  ducts  near  their  orifices  (fig.  199,  vp).  Passing 
outwards  towards  the  base  of  the  pyramid,  and  receiving  lateral  branches  at 
acute  angles  from  its  capillary  network,  the  same  veins  become  collected  together 
into  pencils,  the  vessels  of  which  (vence  rectce)  are  intermixed  with  the  arterise 
recta3,  and  unite  into  vessels  which  open  into  the  concave  side  of  the  venous  arch. 

The  venous  trunks  thence  proceed,  in  company  with  the  arteries,  through  the 
renal  columns  at  the  sides  of  the  pyramids,  to  the  sinus  of  the  kidney,  and  around 
the  necks  of  the  calyces  form  a  second  anastomosis  (Max  Broedel).  Joining 
together,  they  escape  from  the  hilum,  and  ultimately  form  a  single  vein,  which 
lies  in  front  of  the  artery,  and  ends  in  the  inferior  vena  cava. 


Fig.  198. — Diagram  of  a  section  through  part 
OF  the  kidney  parallel  to  the  collecting- 
tubules.     (Testut.) 

n.  papillary  zone  ;  6,  boundary  zone  ;  c,  cortical 
zone. 

1,  apex  of  papilla;  2,  capsule;  3,  clear  stria;  of 
boundary  zone  formed  by  bundles  of  collecting-tubules 
of  pyramid ;  4,  dark  striae  of  boundary  zone  formed 
by  vasa  recta  ;  5,  vascular  arches  ;  6,  medullary  rays 
formed  by  collectiag-tubules  in  cortex  ;  7,  labyrinth 
of  convoluted  tubules ;  8,  interlobular  vessels ;  9, 
corpusculum  renis  [Malpigbii]  ;    10,  sub-capsular  layer. 
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The  branches  of  the  renal  artery  axe  terminal,  while  the  veins  anastomose  freely, 

s,,    that    if   one    of   ili«'    branches   of   the    renal    artery    be   injected,   only  the 
■  if  the   kidney    supplied    by    it.    will  be  injected,   while  from   one  of  the 

as   the  inject  inn   will    extend    throughout    the 
whole  kidney. 


PS 


rb 


I 


1 1!  LOB  \M   "i      1111:     i 

-       is 

thk  kii.m  \.     i  From  Lndwig.) 

terlol  •  b    i    . 

i.ul.ir  rains;     g,   a   glomerulus; 

rain :     nr.     it. 
fanning    pi  i 
i  aoua   plexus 

in  the  papflln. 


\  cording  to  Max    Brocdel    ("Intrinsic    Blood-vessels 

of   the    Kidney  and  their  Significance   in    Nephrotomy, ' 

Assoc,     Imerican      [natomists,    1900),  the    intrinsic 

arteries    divide    in    the    sinus   into    dorsal   and    ventral 

branches,  and  the  ventral  are  distributed  to  the  ventral 

noids  and  the  ventral  part  of  the  dorsal  pyramids, 

tlie  dorsal  branches  supplying  simply  the  dorsal  halves  of 

the   dorsal    pyramids.      The    plane    between    these    two 

mis  of  arteries  is  directed  from  the  outer  part  of  the 

dorsal  surface  towards  the  sinus,  and  it  is  along  this  plane 

ili  u    the   kidiuy  can  lie  incised  with  the  least  amount  of 

haemorrhage. 

Lymphatics. — The  l\  mphatics  of  the  kidney 
are  numerous,  consisting  of  a  superficial  set  form- 
ing a  plexus  in  the  fibrous  tunic,  and  of  deep 
Lymphatics  which  issue  from  the  hilum  with  the 
blood-vessels.  Ludwig  and  Zawarvkin  showed  that 
there  exists  a  network  of  freely  intercommunicating 
lymphatic  spaces  between  the  tubules,  in  communi- 
cation both  with  the  lymphatics  of  the  surface 
and  those  which  issue  with  the  blood-vessels  at  the 
hilum.  They  are  most  abundant  in  the  cortical 
substance.  The  lymphatic  vessels  terminate  in  the 
aortic  glands. 

Nerves. — The  nerves  which  have  been  traced 
into  the  kidneys  arc  small.  They  come  immediately 
from  the  renal  plexus  and  the  lesser  splanchnic, 
nerves,  and  contain  filaments  derived  from  both 
the  sympathetic  and  cerebro-spinal  systems.  The 
spinal  branches  are  derived  from  the  tenth, 
eleventh,  and  twelfth  thoracic.  The  nerves  may 
be  traced  accompanying  the  arteries  as  far  as  their 
finer  branches,  and  some  fibrils  ramify  over  and 
amongst  the  renal  tubules,  but  it  is  uncertain 
how  they  end. 

CALYCES,  PELVIS,  AND  URETER. 


The  tubes  which  convey  the  urine   from   the 

termination  of  the  urinary  tubules  at  the  apices 

id  the  renal   pyramids  to  the  bladder  consist  in 

each  kidney  of  the   calyces  renales  minores 

and     majores      the     renal    pelvis-     and     the 

ureter. 

e  calyces  renales  minores.  generally  about  nine  in  number,  are  expanded 

h«ir  renal  ends,  where  they  embrace  one  or  more  renal  papilla?;  while  below,  they 

ilvcs.  cither  directly,  when  they  are  sessile,  or  by  a  short  narrow 

eties  may  be  attached  to  the  same  major  calyx.     The 
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great  majority  of  the  minor  calyces  are  either  dorsal  or  ventral,  and,  consequently, 
turn  either  forwards  or  backwards  to  join  the  major  calyces  ;  but  there  is  often  at 
least  one  which  is  directed  inwards  and  lies  in  a  sagittal  plane,  passing  from  the 
hilum  to  the  outer  border  of  the  kidney.  The  greatest  distance  between  the 
dorsal  and  ventral  calyces  minores  is  11  cm.  to 
1*5  cm. j  and  that  between  the  most  cranial  and 
the  most  caudal  calyx  minor  is  from  5" 5  cm.  to 
68  cm.1 

The  calyces  renales  majores  are  usually 
two  in  number — an  upper  and  a  lower.  The 
upper  is  usually  the  narrower  and  almost  vertical 
in  direction,  passing  downwards  and  only  slightly 
inwards,  while  the  lower  is  generally  shorter  and 
thicker  than  the  upper  and  nearly  horizontal  in 
direction. 

The  pelvis  renalis  is  formed  in  the  sinus 
of  the  kidney  by  the  union  of  the  two  major 
calyces.  It  issues  from  the  hilum  of  the  kidney 
behind  the  renal  vessels,  and,  curving  inwards  and 
downwards,  ends  at  the  inner  border  of  the  kidney 
about  half-way  between  the  hilum  and  the  lower 
pole  of  the  kidney  by  becoming  continuous  with 
the  ureter.  Viewed  from  the  front  or  behind,  it  is 
funnel-shaped,  with  base  above ;  or  its  form  may 
be  compared  to  the  bowl  of  a  pipe.  When  empty, 
its  anterior  and  posterior  walls  are  in  contact. 


Fig.  200. — Cast  of  the  interior  of 
the  calyces  and  pelvis,  and  of 
the  upper  end  of  the  ureter. 
(Henle.) 

P,  pelvis  ;    U,  ureter. 


Varieties  of  the  calyces  and  pelvis. — The  calyces  minores  may  vary  in  number  from  sis 
to  fourteen,  the  smaller  number  indicating  that  some  of  the  calyces  minores  embrace  the  apices 
of  several  pyramids.  As  already  mentioned,  they  may  be  sessile  or  pedunculated.  The  variations 
in  the  calyces  majores  and  pelvis  are  more  marked.  The  calyces  majores  may  pass  downwards 
for  some  distance  beyond  the  hilum.  and  end  by  joining  to  form  the  ureter  without  undergoing 
any  obvious  expansion.  In  such  cases,  the  pelvis  is  absent ;  or  if  the  calyces  dilate  below,  two 
pelves  may  be  present.  On  the  other  hand,  the  calyces  nunores  may  open  into  a  common 
expansion,  which  ends  below  in  the  ureter,  so  that  the  calyces  majores  are  absent  (for  further 
particulars,  consult  Hyrtl,  Das  Nierenbecken  der  Saugdierc  und  des  Menschen,  Wien,  1870; 
Lequeu,  '  L'anatomie  chirurg.  du  bassinet  et  1'exploration  interne  du  rein.'  Ann.  de  Guyon,  1S91  ; 
and  E.  Hauch,  'Ueber  die  Anatomie  und  Entwickelung  der  Nieren,'  Anat.  Hcfte,  Heft  69,  1903. 

Capacity  of  pelvis  and  calyces. — This  can  be  estimated  in  the  living  body  by  injecting 
fluid  into  the  pelvis  through  a  ureteric  catheter  until  the  patient  complains  of  pain.  Thomson 
Walker  -  found  the  average  capacity  to  be  5  c.c.  to  7  c.c.  Kerr,  from  measurements  of  casts 
of  the  pelvis  and  calyces,  considers  the  average  tobe8-Gc.c.  A  capacity  of  15  c.c.  or  upwards 
indicates  abnormal  dilatation  (hydronephrosis). 

The  ureter. — Towards  the  lower  part  of  the  sinus  of  the  kidney,  or  a  little 
below  the  sinus,  the  renal  pelvis  contracts,  either  gradually  or  abruptly,  and, 
assuming  a  cylindrical  form,  receives  the  name  of  ureter.  This  duct  conveys 
the  urine  from  the  pelvis  to  the  bladder. 

Dimensions. — The  ureter  measures,  on  an  average,  in  an  adult  male  about 
30  cm.  (12  inches).  It  is  about  2  cm.  to  3  cm.  shorter  in  the  female,  and  the  left 
ureter  is  generally  1  cm.  to  2  cm.  longer  than  the  right.  They  are  extensile,  so 
that  after  removal  from  the  body  they  can  easily  be  stretched  2  cm.  to  3  cm.     When 


i  R.  A.  Kerr,  '  The  Form  and  Capacity  of  the  Adult  Renal  Pelvis,'   Trans.   Ulster  Medical  Society, 
Session  1912-13. 

-  '  Pyelography  and  the  Early  Diagnosis  of  Dilation  of  the-  Kidney,'  Lancet,  June  17,  1911. 
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oned  in  situ,  the  ureter  usually  appears  as  a  Battened  tube,  bul  it  may  beround 

probably  as  the  result  of  a  contrai  ted  condition  of  themusculai •< ■..at.    According 

to  the  researches  of  G.  Schwalbe,'  based  upon  injections,  the  abdominal  part  of  the 

rma  a  long  Bpindle,  the  middle  of  which  may  have  double  the  diameter 

(8  mm!)  of  the  two  ends.      \  ing  the  pelvic  brim,  the  ureter  has  one  or 

two  dilatations,  bul  as  a  rule  they  are  n..i  so  marked  as  the  one  in  the  abdomen. 

i„„lt  2  mm.  in  diameter  are  usually  employed  in  its  catheterisation. 

rowegl   par1   ,,f  the  meter,  except  its  vesical  orifice,  is  that  contained  in 

the    walls   of    the    Madder. 

Course  and  relations.      The  ureter  descends  on  the  posterior   wall  of  the 
abdomen,  and  then  crosses  the  iliac  vessels  to  reach  the  pelvis,  in  which  it  at  first 


Left  kul  in  y 
Abdominal  aorta 

Third  lumbar  vertebra 
Abdoiinmil  part  of  ureter 

I.i  r,  I  of  Hinhilints 

Psoas  muscle 
Common  iliac  artery 
Jliacus  muscle 
i'n  ii  r  crossing  iliac 
vessi  Is 


External  iliac  artery 

Pelvic  part  oj  ureter 


FlO.  201.-     I  '•    01    Till.  I  "I   BSE  mi    mi;   I   ttETEBS,   MADE   FROM  A  SERIES  OF  HORIZONTAL  SECTION'S 

of  a  man,  aged  SIXTY-EIGHT  years.     About  one-fourth  natural  size.     (J.  Symington.) 

Where  the  ureters  are  concealed  in  a  view  from  the  front  by  the  iliac  vessels  and  the  anterior  pelvic  wall 
i     indii  i '«d  by  dotted  lines. 

'lie  lateral  wall,  and  then  curves  forwards  and  inwards  to  the  bladder. 

In  nearly  the  whole  of  its  course,  it  lies  just  beneath  the  peritoneum,  to  which  it  is 

united  by  areolar  tissue  ;   so  that   when  the  peritoneum  is  stripped  off  the  posterior 

abdominal  wall,  the  ureter  comes  away  with  I  he  peritoneum.     It  may  be  divided 

D  abdominal  and  a  pelvic  portion.     The  abdominal  part  passes  downwards 

at  inwards  on  the  psoas  muscle,  and  is  crossed  obliquely,  from  without 

inwards,  by  the     pelmatic  or  ovaiian    vessels,  while  the  genito-femoral  nerve  is 

;  b.  Therighl  ureter,  at  its  origin,  is  behind  the  duodenum,  and,  as  it  descends, 

■  lies  the  inferior  vena  cava  and  sometimes  gets  in  front  of  it.     The  left 

the  left  "i  the  abdominal  aorta,  and  is  crossed  by  the  left  colic 

>id  bra:  the  inferior  mesenteric  artery.     The  ureter  leaves  the 

'  7.ur  Verh.  d.  Anat.  Qesellschaft,  1896. 
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psoas  muscle  by  passing  from  without  inwards  over  the  lower  end  of  the  common 
iliac  vessels  or  the  upper  end  of  the  external  iliacs.  Near  the  brim  of  the  pelvis, 
the  right  ureter  may  be  crossed  by  the  termination  of  the  ileum,  and  the  left  by  the 
pelvic  colon.     In  the  pelvis,  the  relations  of  the  ureter  differ  according  to  the  sex. 

In  the  male,  the  ureter  descends  on  the  side  wall  of  the  pelvis,  covered  on  its 
median  aspect  by  the  peritoneum,  and  having  lateral  to  it  the  hypogastric  blood- 
vessels. Its  course  is  a  curved  one,  being  first  directed  downwards  and  backwards, 
and  then  forwards  and  downwards.  This  part  of  the  ureter  is  about  10  cm.  to 
12  cm.  in  length,  and  may  be  termed  parietal.  As  it  approaches  the  bladder  it  is 
crossed  by  the  ductus  deferens,  and  then  goes  onwards  as  the  vesical  portion,  which 
is  divisible  into  an  extra-mural  and  an  intra-mural  part.     The  extra-mural  part  lies 


Muscular  wall  of  bladder 


Inner  surface  of  bladder 

Orificium  urethra;  internum 

Uvula  vesica; 

Trigonum  vesica; 
Orificium  ureteris 
Intramural  part  of  ureter 

Vesicula  seminal  is 


Fig.  202.- 


Ductus  deferens 
Plica  uietericn 
Fossa  retroureterica 

-View  of  the  extra-mural  and  intra-mural  portions  of  the  vesical  part  of  the  ureter. 

Natural  size.     (J.  Symington.) 


above  the  seminal  vesicle,  and  is  closely  related  to  the  vesical  plexus  of  veins,  which 
vessels  are  situated  mainly  above  and  lateral  to  it.  After  a  course  of  one  or  two 
centimetres,  it  passes  obliquely  through  the  bladder  wall  as  the  intra-mural  part 
(see  fig.  202),  and  terminates  at  the  orificium,  ureteris. 

In  the  female,  the  pelvic  portion  of  the  ureter  may  be  divided  into  parietal  and 
visceral.  The  parietal  portion  resembles  that  of  the  male  in  its  general  course 
and  in  its  relations  to  the  peritoneum,  but  it  usually  forms  the  posterior  and  lower 
boundary  of  a  fossa  for  the  ovary  (see  fig.  110).  The  visceral  portion  is  longer 
than  in  the  male,  and  lies  in  relation  to  the  uterus  and  vagina  as  well  as  the  bladder. 
It  begins  a  little  in  front  of  the  lower  boundary  of  the  ovarian  fossa,  and  at  the  base 
of  the  broad  ligament  passes  forwards  and  downwards,  lateral  to  the  supra-vaginal 
part  of  the  cervix  uteri.  The  uterine  artery,  surrounded  by  a  plexus  of  veins, 
turns  inwards  at  this  level,  above  the  ureter,  to  reach  the  cervix.  The  ureter  is 
about  15  mm.  lateral  to  the  cervix,  but  the  distance  may  be  increased  or  diminished 
by  lateral  displacement  of  the  uterus.     The  ureter  next  passes  near  the  lateral 
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fornix  of  tin-  vagina  t . .  gain  I  be  interval  between  the  vagina  and  bladder.   It  reaches 
aterioi  vaginal  wall  aboul  the  level  of  the  lower  edge  of  the  anterior  lip  of  the 
iteri  and  ends,  as  m  tie-  male.  by  piercing  obliquely  the  wall  of  the  bladder. 


.  EM 


IfeS 


m  j*^ 


"1 


WP« 


'::■..;■'. 


'v^ 


rPPEB   PART   OF    Till.    Ul 

(v.  Ebner.) 
..  i  pit  helium  ;  s,  mucous  membrane  ;  I.  longitudinal  muscle;  r,  circular  muscle. 


Fio.  203.— Section  across  the  uppeb  part  of  the  ureter.    Magnified  fourteen  diameters. 

(v.  Ebner.) 


Structure. — The  walls  of  the  calyces,  pelvis,  and  ureter  consist  of  an  external 
fibrous  coat,  a  middle  coat  of  plain  muscular  tissue,  and  a  mucous  lining.     The 


CASED     hi  I :  I  ■>•  ■  LEFT  BENAJ     PELVIS    LND    ABDOMINAL  SEGMENT  OF  URETER. 

(J.  \V.  Thomson  Walker.) 

in  this  ureter,  and  the  renal  pelvis  and  calyces  are  filled  with  collargol  solution. 
ommencing  to  distend  the  uretei  and  has  reached  down  to  the  level  of  the  third 

line  of  tbi  hi   into  that  ot 'the  pelvis,  and  by  a  gentle  curve, 

■  »i'l" '  i         ithewidi  angle  formed  bj  thi  lower  calyx  major  and  the  pelvis, 

•-tun  layers  oi  longitudin  il  libres  and  a  middle  circular  layer. 

mucous  membrane,  thin  and  smooth,  presents  a  few  longitudinal  folds  when 

laid  open.     There  is  no  marked  distinction  between  the  mucous  and 
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submucous  layers.  As  the  ureter  traverses  the  bladder  wall,  it  retains  its  indepen- 
dence, and  is  separated  from  the  muscular  coat  of  the  bladder  by  a  layer  of 
connective  tissue.  Just  outside  the  bladder,  the  ureter  is  ensheathed  by  a  mass  of 
longitudinal  muscular  fibres  forming  the  ureter-sheath  of  Waldeyer. 

Blood-vessels,  lymphatics,  and  nerves. — The  ureter  is  supplied  with 
blood  from  small  branches  of  the  renal,  the  spermatic,  the  hypogastric,  and  the  in- 
ferior vesical  arteries.  The  veins  end  in  various  neighbouring  vessels.  The  lymphatic 
vessels  form  a  network  in  the  mucous,  submucous,  muscular,  and  fibrous  coats,  and 
the  afferent  vessels  end  in  the  aortic,  inter-iliac,  and  hypogastric  glands.  The 
nerves  come  from  the  inferior  mesenteric,  spermatic,  and  hypogastric  plexuses.  They 
form  plexuses  in  the  outer  and  muscular  coats,  containing  a  few  ganglion-cells. 

Varieties The  variations  in  the  calyces  and  pelvis  have  already  been  mentioned.     The 

principal  variation  in  the  ureter  is  a  more  or  less  complete  division  into  two.  As  a  rule,  the 
two  ureters  unite  a  little  above  the  bladder,  so  that  there  is  only  one  vesical  orifice  ;  but  the 
division  may  be  complete,  i.e.  with  two  separate  openings  into  the  bladder.  A.  T.  Kerr  ('Double 
Ureter  in  Man,'  Anal.  Record,  vol.  v.,  1911)  has  described  five  cases  of  this  kind. 

In  rare  cases,  a  triple  ureter  has  been  met  with.  Several  instances  are  recorded  in  which  a 
supernumerary  ureter,  proceeding  from  the  upper  part  of  the  kidney,  opened  directly  into  the 
urethra. 

The  right  ureter  has  been  seen  passing  behind  the  inferior  vena  cava,  and  then  turning 
forwards  between  that  vessel  and  the  aorta  (Hochstetter,  Morph.  Jahrb.,  Bd.  xxi.,  s.  636  ;  and 
Gladstone,  Jour.  Anat.  and  Phys..  vol.  xlv.,  April  1911). 

In  instances  of  long-continued  obstruction  to  the  passage  of  the  urine,  the  ureters  roay 
become  enormously  dilated. 


VESICA  URINARIA. 

The  urinary  bladder  (vesica  urinaria)  is  a  hollow  receptacle  for  the  urine,  having 
an  average  capacity,  when  moderately  filled,  of  about  500  c.c,  but  capable 
of  being  distended  to  a  considerably  greater  degree.  It  receives  the  urine  by  the 
two  ureters,  and  discharges  it  through  the  urethra. 


The  average  capacity  of  the  bladder  is  often  stated  to 
be  greater  in  the  female  than  in  the  male — and,  no  doubt, 
instances  of  very  large  female  bladders  are  not  infrequent ; 
but  these  have  probably  been  the  result  of  unusual  disten- 
sion :  in  the  natural  condition,  according  to  Luschka  and 
Henle,  the  female  bladder  is  decidedly  smaller  than  that  of 
the  male. 

The  shape,  position,  and  size  of  the  bladder, 
and  its  relations  to  neighbouring  parts,  vary 
according  to  the  degree  of  distension  of  its  cavity; 
and  also,  when  empty,  according  to  the  condition 
of  its  muscular  coat,  whether  contracted  or 
relaxed.  When  empty  and  relaxed  (in  diastole),  it 
lies  deeply  in  the  pelvis  ;  and  in  a  vertical  median 
section  its  cavity,  with  that  of  the  adjacent  portion 
of  the  urethra,  is  Y-shaped,  the  stem  of  the  Y 
being  formed  by  the  urethra,  and  its  two  limbs  by 
the  bladder.  Of  the  two  limbs,  the  anterior  is  the 
longer,  and  is  directed  upwards  and  forwards ;  while 
the  shorter  posterior  limb  passes  backwards  and 
upwards.  The  superior  surface  of  this  type  of 
bladder  is  concave,  and  covered  by  peritoneum, 
the  bladder  is  empty  and  contracted— as  it  is  frequently  found  to  be  in  lorniol- 
hardened  subjects— the  two  limbs  of  its  cavity  are  much  shortened,  its  mucous 


Fig.  205.  —  Diagram  of  median 
section  op  empty  diastolic 
bladder  and  adjacent  part 
of  urethra.     (J.  Symington.) 

A,  anterior  limb  of  bladder;  P. 
its  posterior  limb ;   CJ,  urethra.    The 

dotted  lines  show  the  changes  in 
the  shape  of  the  bladder  during  its 
distension. 

On    the     other    hand,    when 
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is  thrown  into  numerous  Eolds,  its  muscular  coat  is  greatly  thickened, 
and  it-  superior  aspecl  is  i  onvex. 

The  bladder  then  forms  a  flattened  inverted  tetrahedron1 — this  shape  being 

due  to  the  fact  thai  the  four  points  where  the  two  ureters,  the  urachus,  and  the 

urethra  j< >iu  the  organ  are  more  firmly  fixed  in  position  than  other  parts  of  the 

bladder  wall.    As  the  organ  contracts  upon  itself  during  micturition,  these  four 

re  or  less  held  apart,  and  so  become  the  four  angles  of  a  tetrahedron. 

the  bladder  are  superior,  basal,  and    two   infero-lateral.     The 


jikI.  —Lateral  view  of  the  viscera  of  the  male  felvjs.     One-fourth  natural  size.     (R.  Quain.) 

left  hip-bono  has  been  disarticulated  from  the  sacrum,  the  spinous  process  of  the  ischium  cut  through, 
ami  the  pubis  divided  to  the  left  of  the  symphysis,  a,  bladder;  6,  &',  rectum;  c,  membranous  part  of  the 
urethra  :  d,  Bectaon  of  the  left  corpus  cavei  aosuxD  ;  e,  bulb  of  the  cavernous  body  of  the  urethra;  /,  Cowper's 
gland  :  g,  section  of  the  body  of  the  pubis  ;  h,  sphincter  ani  muscle  ;  i,  part  of  the  left  ductus  deferens ;  m, 
articalai  surface  of  the  sacrum  ;  n,  divided  spine  of  the  ischium;  o,  coccyx;  p,  prostate  gland  ;  r,  r,  peritoneum ; 
ich;    u,  left  ureter;    v.  left  vesicula  ,-eminalis. 


sup  rior  surface  is  triangular,  convex,  and  covered  by  peritoneum.     It  is  hounded 
by  two  rounded  lateral  borders,  which  converge  anteriorly  towards  the  apex  of  the 
bladder,  and  by  a  posterior  border  separating  it  from  the  base.     Some  convolu- 
tions of  tin-  jejuno-ileum,  and  often  also  the  pelvic  colon,  rest  upon  this  surface,  and, 
in  t  be  female,  the  body  of  the  uterus  overlaps  it  posteriorly.     The  basal  surface  is 
Dgular,  with  its  ap<'.\  towards  the  urethral  orifice.     In  the  male  it  is  separated 
from  the  rectum  by  the  seminal  vesicles  and  the  ampullary  portions  of  the  ductus 
deferentes,  and  in  the  female  it  lies  against  the  cervix  uteri  and  the  upper  part  of  the 
anterior  vagina]  wall.    The  infero-lateral  surfaces  are  directed  towards  the  pelvic 
.  and  look  downwards  and  outwards.     They  are  separated  from  one  another 
idian  ridge  passing  from  th<  apex  of  the  Madder  towards  the  urethral  orifice . 
it   upon  the   pubes,   the  retro-pubic  pad  of  fat,  and  the  pelvic  fascia, 
separating  them  from  the  levatores  ani.     Around  the  urethral  orifice,  the  male 
•  •   r<   '     upon  1  b   prostate  gland. 
\    the  empty  Madder  is  gradually  filled  with  urine,  it  expands — chiefly  in  an 
upward  direction  ;   but  it  also  bulges  out  wards  towards  the  side  wall  of  the  pelvis, 

I    1     Dixon,  '  The  orm  of  the  Empty  Bladder,'  Jour.  Anal,  and  I'lnjs.,  vol.  xxxiv.,  January  1900. 
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backwards  towards  the  rectum,  and,  to  a  less  extent,  downwards,  by  depressing 
the  pelvic  floor. 

When  moderately  filled,  it  is  still  contained  within  the  pelvic  cavity,  and  has 
a  rounded  form  (fig.  206,  a)  ;    but  when  completely  distended,  it  rises  above  the 


Fig.  207. — Vertical  median  section  of  the  pelvis  of  an  adult  male  subject. 
Half-natural  size.     (Braune.) 

1st  s,  body  of  first  sacral  vertebra  ;  p.s.,  pubic  symphysis  ;  Bl.,  bladder  ;  R,  R,  R,  rectum  ;  r,  p.  prostate  ; 
?',  middle  lobe  of  prostate  ;  F,  retro-pubic  pad  of  fat;  Bu.,  bulb  ;  P.c,  peritoneal  cavity  ;  j.i.,  convolutions 
of  jejuno-ileum. 

brim  of  the  pelvis,  and  becomes  egg-shaped  :  its  larger  end,  which  is  called  the 
base,  or  fundus,  being  directed  downwards  and  backwards  towards  the  rectum  in 
the  male  and  the  vagina  in  the  female  ;  and  its  smaller  end,  or  vertex,  resting  against 
the  lower  part  of  the  anterior  wall  of  the  abdomen.  Immediately  in  front  of 
the  base,  is  the  portion  which  joins  the  urethra,  and  is  often  named  the  cervix 
or  neck.  When  the  bladder  is  excessively  distended  (fig.  208),  it  may  rise  into 
the  abdomen  nearly  as  high  as  the  umbilicus,  and  it  also  sinks  somewhat  in  the  pelvis, 
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pushing  1  ■  and  lower  end  of  the  rectum  downwards  and  backwards.    The 

cf  the  distended  bladder  varies  in  differenl  cases,  being  modified  by  the 

•  •  oJ  distension  of  the  bladder  itself,  as  well  as  that  of  the  rectum  and  other 

the  intestine  thai  may  bein  relation  with  it.     In  a  section  of  Braune's 

:  7),  in  which  the  bladder  was  moderately  distended,  it  is  almost  hori- 
zontal,  while  in  one  by  Rudinger  (see  fig.  208),  in  which  the  bladder  was  greatly 

distended,  it  is  rather  more  nearly 
vertical  than  horizontal.  While  in 
the  male,  the  longest  diameter  of 
the  moderately  distended  bladder  is 
directed  from  its  base  to  its  summit, 
in  the  female  the  transverse  diameter 
is  the  longest. 

One  of  the  most  fixed  points  of 
the  bladder  is  its  urethral  orifice. 
This  lies  a  little  below  (say,  on  an 
average.  5  mm.)  the  level  of  a  hori- 
zontal line,  prolonged  backwards 
from  the  upper  border  of  the  pubic 
symphysis,  and  is  about  6  cm. 
behind  the  upper  end  of  the  long 
axis  of  the  pubic  symphysis.  It  can 
therefore  be  easily  reached  with  the 
index-finger,  after  cutting  through  the 
anterior  abdominal  and  bladder  walls. 
Disse  J  gives  its  average  distance 
from  the  conjugate  of  the  pelvic 
inlet  as  about  5  cm.  in  the  male, 
and  6  cm.  in  the  female.  The  orifice 
is  pushed  upwards  and  forwards  by 
distension  of  the  lower  end  of  the 
rectum,  ~  is  depressed  during  the  filling 
of  the  bladder,  and  is  probably  higher 
in  stout  than  in  thin  subjects.3  The 
distance  of  the  bladder  from  the 
surface  of  the  perineum  largely 
depends  on  the  size  of  the  prostate 
gland,  ami  especially  on  the  thickness  of  the  pelvic  floor  (see  figs.  209  and  210). 

Hi  Volrkci  (•  li|.   I' I.  i  inenschliehen  Blase.'  I  erh.dei  A  mil.  Qesell.  Gt  »/.,  1905) 

filled  the  bladder  daring  life  with  a  l'  per  cent,  solution  of  collargol,  and  took  skiagrams  from 
the  front.  They  found  that  in  the  coronal  plane,  the  broad  end  of  the  bladder  was  directed 
upwards  and  the  narrow  one  downwards  into  the  pelvis. 

Connexions. — While  freely  movable  in  other  directions,  the  bladder  is  fixed 

i  the  prostate,  its  mucuii  muscular  coats  being  here  continuous  with 

of  the  prostatic  portion  of  the  urethra,  while  the  fibrous  investments  of  the 

derand]  ttached  to  the  anterior  and  lateral  walls  of  the  pelvis  by 

■  ligaments  of  the  bladder. 


O]       LB 


206     Ukdias    sei  tioh   of  tiik   pelvis 
M'|  r.i-  m  m  i    31  i.ii  i  i.     I  l;ii< linger.) 

i.  body  of  fifth  lumbar  vertebra;    s.  body  of  first 

P,  3,  pubio  symphysis;    r.  prostab  ; 

B,  bulb;  r.  urethra  ;  Umb.  umbiln  u-  .    \.  peritoneum. 

The    reflexion   oi    the  peritoneum   from    thi    anterioi 

abdominal  trail  on  to  the  bladdei  is  higher  tha rmal 


I  !         '       '■   ami   line  Verandcrungen  im  Laufe  des 

1 1,  ft  L,  18 

der    Earnblase  mid  des    Peritoneum  bei  Ausdehnung  des  Rectum,'  Arch. 

■  ra  and  the  Pelvic  Floor  in  Two  Adult  Male  Subjects,' 
'   andPhya.,  vol.  xxxiv..  Oct  1899. 
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It  is  supported,  moreover,  by  strong  areolar  connexions  with  the  rectum  and 
prostate,  or  uterus  and  vagina  (according  to  the  sex),  in  a  slighter  degree  by  the 
two  ureters,  the  lateral  umbilical  ligaments,  the  urachus,  and  by  numerous 
blood-vessels,  and,  lastly,  by  a  partial  covering  of  the  peritoneum,  which,  in  beino- 
reflected  from  this  organ  in  different  directions,  forms  duplicatures,  named  the 
false  ligaments  of  the  bladder. 
As  the  empty  bladder  becomes 
filled,  its  infero-lateral  sur- 
faces extend  upwards  on  the 
anterior  wall  of  the  pelvis, 
and  then  on  to  the  lower  part 
of  the  anterior  abdominal  wall. 
This  movement  is  facilitated  by 
the  looseness  of  the  areolar 
tissue  found  superficial  to  this 
aspect  of  the  bladder.  The 
space  occupied  by  this  tissue 
is  sometimes  termed  the  cavum 
prcevesicale,  or  cavum  lietzii. 

As,  during  distension,  the 
bladder  rises  more  rapidly  than 
the  peritoneum  is  detached 
from  the  back  of  the  pubes 
and  the  anterior  abdominal 
wall,  a  peritoneal  pouch,  grad- 
ually increasing  in  depth,  is 
formed  in  front  of  the  upper 
part  of  the  bladder.  It  is 
generally  estimated  that,  even 
in  extreme  distension,  the 
bladder  is  seldom  uncovered 
by  peritoneum  for  more  than 
5  cm.  above  the  pubic  sym- 
physis. 

The  superior  or  abdom- 
inal surface  is  entirely  free, 
and  covered  everywhere  by  the 
peritoneum.  When  the  bladder 
is  empty,  this  surface  looks 
mainly  upwards ;  but  as  it 
becomes  filled,  it  tends  to  be 
directed  backwards,  and  in  the 
male  the  small  intestines  and 
pelvic  colon  may  be  pushed  out 
of  the  pelvis  and  the  bladder 
brought  into  contact  with  the  rectum,  while  in  the  female  the  uterus  is  moved 
backwards. 

The  lateral  borders  of  the  bladder  become  obliterated  during  the  distension 
of  the  bladder,  so  that  the  organ  when  viewed  from  the  side  presents  a  large  com  ex 
surface,  the  upper  and  posterior  part  of  which  is  covered  by  peritoneum,  and  the 
lower  and  anterior  uncovered.  The  ligamentum  umbilicale  laterale  lies  some 
distance  lateral  to  the  empty  bladder,  but,  in  its  distended  condition,  the  ligament 
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Fig.  209. — Diagram  of  the  bladder,  prostate,  etc.,  in 
the  male.  (J.  Symington.) 
b1,  part  of  base  covered  by  peritoneum,  separated  by  a  dotted 
line  from  a  triangular  space  left  uncovered  by  that  membrane; 
rr.,  ureter;  s.v.,  seminal  vesicle;  e.d..  ejaculatory  duct;  p., 
prostate:  M.,  membranous  part  of  urethra;  B.,  bulb;  e.s.,  corpus 
cavernosum  urethrse;  c.g.,  glandula  bulbo-urethralis ; 
penis;  c.c,  corpus  cavernosum  penis.  < 
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is  found  passing  upwards  and  forwards,  in  contact  with  it.  near  the  line  of  reflexion 
«>f  the  peritoneum.  The  ductus  deferens  crosses  obliquely  the  hinder  part  of  this 
lateral  Burface,  from   before  backwards  and  downwards,  and,  turning  over  the 

lateral    Umbilical    ligament,    descends    median   to   the    meter,   on   the   base  of   the 

bladder. 


210.       Mm.IW     SB'TIHV     0»  THE    PELVIS   OK   A    l:\rilll:  BTOU1   HAN,    AGED    FORTY    YEARS.  WITH   SHALLOW 

OAJ    I       I  a,  mi. .11    m  LDDER,   i\n    i.i  i  r  PELVIC  floor.     Both  this  and  fig.  211  are  reduced 
il  size.    (J.  Symington.) 


In  the  male,  the  l>ase  <»f  the  bladder  is  usually  covered  by  peritoneum  as  far  down 

Line,  uniting  the  two  meters,  where  they  pierce  the  bladder  wall. 

■  poii  peritoneum  forms  on  the  empty  bladder  a  crescentic  fold, 

ed  *</  ital,  and  the  peritoneal  recess  below  this  fold  is  the  recto-genital 
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pouch  (see  fig.  231).  Other  transverse  peritoneal  folds  are  often  seen  on  the 
upper  aspect  of  the  empty  bladder,  but  these,  as  well  as  the  recto-genital,  are 
obliterated  by  distension  of  the  bladder.  The  peritoneal  recess  between  the 
rectum  and  the  bladder  may  be  abnormally  deep  (fig.  211). 


Fig.  211. — Median  section  of  the   pelvis  of  a  thin  man,  aged  twenty-seven  years,  with  a  deep 
recto-vesical  pouch,  a  shallow  pelvic  floor,  and  a  low  position  of  the  bladder. 

(J.  Symington.) 


In  the  female,  the  peritoneum  is  reflected  from  the  uterus  on  to  the  bladder  at 
the  junction  of  the  body  and  cervix  of  the  uterus,  so  that  the  surface  of  the  bladder, 
in  relation  to  the  cervix  of  the  uterus  and  the  upper  part  of  the  vagina,  is 
uncovered  by  peritoneum  (fig.  259). 

The  vertex  is  connected  to  the  anterior  abdominal  wail  by  a  tapering  median 
cord,  named  the  urachus  ;  this  is  composed  of  fibrous  tissue,  mixed  at  its  base  with 
plain  muscular  fibres,  which  are  prolonged  upon  it  from  the  bladder.     This  con  I, 
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ming  narrower  as  it  ascends,  passes  upwards  from  the  apex  of  the  bladder 
between  the  linea  alba  andth<  peritoneum,  to  reach  the  umbilicus,  where  it  becomes 
blended  with  the  dense  fibrous  tissue  found  in  thai  situation. 

chuf,  which  forma  in  the  early  fetal  Btate  a  tubular  connexion  between  the  urinary 
,.|  the  allantoic  |  '"  Luschka— vestigea  of  its  ongma Utxon 


Muscular  wall  of  bladdt  > 


I  a  m  r  surface  of  bladdt  r 

Orificium  urethra  internum 

Uvula  vesica 
Trigonum  vesica 

Orificium  ureteric 
Intramural  part  of  ureter 

1',  c  icula  s<  minalii 


Ductus  deferens 

/'lira   mi  'enra 
Fossa  a  fin- an  U  rica 

VI.  — View,  from  above,  of  thf.  interior  of  THE  CONTRACTED  BLADDER  of  an  adult  MAKE. 

Natural  size.     (J.  Symington.) 


in  the  form  of  a  long  interrupted  cavity,  with  irregularities  and  dilatations,  lined  with  epithelium 
.similar  to  thai  of  the  bladder,  and  sometimes  i  ommunii  al  tag  U  a  One  opening  with  tin-  vesical 

Interior  of. the  bladder. —  On  opening  the  bladder,  its  internal  surface  is 

found  to  In-  lined  by  a  mucous  membrane,  wliich  is  comparatively  loosely  attached 

be  other  coats,  so  thai  in  the  empty  condition  of  the  organ  it   is  nearly 

pwhere  thrown  into  small  wrinkles  or  rugae,  which  disappear  as  soon  as  the 

bladder    i-    distended.       Besides    these,    the    interior    of    the  bladder    is    often 

ked   by    reticular  elevations    or  ridges,  corresponding    to    fasciculi    61    the 

muscula 

\t  tin-  lower  pari  of  the  bladder  (fig.  212)  is  seen  the  orifice  leading  into  the 

,!.,.  around  which  the  mucous  membrane  is  corrugated  longitudinally.    Im- 

■  behind  the  urethral  opening,  at  the  lower  part  of  the  fundus,  is  a  triangular 

Qg  ii  -  apex  directed  forwards,  ami  known  as  the  trigonum  vesicae.     The 

|    ../;.■■  ol  'In-  .ilea  correspond  tn  tin  orifices  of  the  meters,  which  are  oval  slits 

cted  forwards  and  inwards  and  admitting  a  catheter  about  2  mm.  in  diameter. 

orifices  are  united  by  a   curved  elevation,  convex  in  front,  which  generally 

If  and  backwards  beyond  them,  ami  is  known  as  the  plica  ureterica, 

The  mucous  membrane  of  the  trigone  is  firmly  adherent  to  the 
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subjacent  tissue,  and  presents  very  fine  folds,  which  radiate  outwards  and  backwards 
from  the  urethral  orifice.  It  is  rather  darker  in  colour  than  the  rest  of  the  mucous 
membrane  of  the  bladder.  When  the  bladder  is  distended,  the  ureteric  orifices  are 
3  cm.  to  4  cm.  apart,  and  nearly  the  same  distance  from  the  urethral  orifice  ;  but 
when  the  bladder  is  contracted,  they  are  nearer  one  another,  and  the  area  of  the 
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Fig.  213. — Median  section  of  the  pelvis  of  a  newly  born  male  child.     (Disse.) 

V.I.V.,  body  of  fifth  lumbar  vertebra;  V.s.v.,  body  of  fifth  sacral  vertebra;  Si/.,  pubic  symphysis;  Set., 
rectum  (distended)  ;  Prt.,  peritoneum  ;  Bspr.,  prevesical  cleft ;  Pro.,  placed  just  below  median  lobe  of  prostate  ; 
Lf„  longitudinal  muscular  fibres  of  rectum  ;    1,  sphincter  ani  int. 


trigone  is  correspondingly  diminished.  Behind  the  plica  ureterica  is  a  recess  called 
the  retro-ureteric  fossa.  The  posterior  boundary  of  the  urethral  orifice  forms  a 
small  elevation  known  as  the  uvula  vesicae.  In  the  female,  the  trigone  rests  on  the 
anterior  vaginal  wall ;  it  is  small  and  the  uvula  indistinct. 

In  a  small  percentage  of  cases,  the  trigone  is  only  slightly  evident — even  on  close  examination. 
In  other  cases,  the  downward  convexity  of  Mercier's  bar  is  so  acute  that  it  reaches  the  uvula 
vesicae,  and  the  trigone  is  represented  simply  by  an  eminence  at  this  junction  (Wright  and  Benians, 
'The  Anatomy  of  the  Trigonurn  Vesicae,'  Brit.  Med.  Jour.,  October  15,  1910). 

The  trigonal  part  of  the  bladder  is  generally  considered  to  have  a  different 
developmental  origin  from  the  remainder  of  the  bladder,  being  derived  from  the 
mesoderm  or  excretory  (Wolffian)  ducts,  while  the  other  part  is  endodermic  and 
cloacal.  It  is  suggested  by  Wright  and  Benians  that  it  may  be  derived  from  the 
fusiun  and  opening  out  of  the  caudal  ends  of  the  two  ureters. 

Variations  in  number  and  position  of  ureteric  openings. — If  on  cystoscopic  examin- 
ation one  of  the  ureteric  openings  be  absent,  it  is  a  strong  indication  that  the  kidney  of  that  sic It- 
is  congenitally  absent.  The  presence  of  two  ureteric  orifices  is  not  a  positive  proof  that  both 
kidneys  are  present,  for  one  of  the  orifices  may  lead  into  a  blind  recess,  or,  as  in  a  specimen  in 
my  department,  only  one  kidney  may  exist,  with  two  ureters  opening  into  the  bladder,  one  on 
each  side.  With  the  cystoscope,  the  ureteric  orifice  can  be  seen  to  contract  every  few  seconds 
and  emit  a  tiny  jet  of  urine  (see  J.  W.  Thomson  Walker,  The  Renal  Function  in  Urinary 
Simjery,   1908). 
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Ectopia  vesicae.  This,  the  mosl  Erequenl  malformation  of  the  bladder, 
Lb  characterised  by  an  absence  of  the  anterior  abdominal  and  bladder  walls, 
between    the    umbilicus    and   the   pubes,   so    thai    the    posterior   wall    of   the 

bladder  appears  on  the  Burfai  i  of  t lie  abdomen  as  a  soft.  red.  moist,  mucous  area, 
mi  which  can  be  recognised  the  two  ureteric  orifices.  It  is  often  combined  with 
epispadias.  (For  nature  of  this  malformation,  consult  A.  Keith.  British  Med. 
J,,,,,-..  Decembei  26,  19 

Peculiarities  in  shape  and  position  according-  to  age. — In  the  newly 
born  child,  the  bladder  is  much  bight  r  than  in  the  adult.  Thus,  its  urethral  orifice 
i-  at  the  level  of  the  nppei  border  of  the  j.ubic  symphysis,  and  the  anterior  surface 


214.     Median  sw  noa  "i   no:  pelvis  <>i   a  male  child,  aqed  seven  months,  bladder  naturally 
DlsTENDi.n  vim   i  iim:.     Natural  size.     (J.  Symington.) 

p.,  pubic  symphysis;   B,  bladder;   it.  rectum;  6,  bulb.    In  this  specimen  the  distance 
'In-  11  tn I .ilc       -  top  '  '  tb    pubi        :  i-  was  7  cm.,  and  the  vertical  extent  of  the  bladder  in 

iili  the  anterior  abdominal  "all  ami  um  n\eied  by  peritoneum  was  'X'2.  nn. 

the  bladder,  «  ntirely  un<  overed  by  peritoneum,  lies  against  the  top  of  the  pubic 

-  and  the  anterior  abdominal  wall,  opposite  about  the  lower  two-thirds 

•    !'  •    eeu  the  pubes  and  the  umbilicus  (fig.  213).     If  the  bladder  be 

itv  in  a  median  section  Bhows  a  long  anterior  limb  passing  from  the 

I  orifice  upwards  and  Eorwards  inwards  the  umbilicus;    but  there  is  no 

posterioi  limb     suchas  has  already  been  described  in  the  adult.     If 

ladder  be  distended,  it  usually  has  an  ovoid  form,  with  the  large  end  of  the 

ted  downwards  and   backwards.     The  peritoneum  covers  the  posterior 

of  the  bladder  in   its  entire  extent,  and  is  reflected  from  it  on  to  the 

•  the  rides  and  on  to  the  uiachus  above. 
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After  birth,  the  bladder  rapidly  descends  into  the  pelvis  and  acquires,  when 
contracted,  a  rounded  instead  of  a  flattened  form.  In  an  infant  aged  three  and 
a  half  months,  in  which  the  bladder  was  contracted,  the  distance  from  the 
umbilicus  to  the  upper  border  of  the  pubes  was  4"8  cm.,  and  the  bladder  reached 
only  1  cm.  above  the  pubes,  or  less  than  one-fourth  of  the  above-mentioned  space. 
The  bladder  was  fully  distended  by  about  one  ounce  of  urine  in  the  infant  aged 
seven  months  (see  fig.  214) ;  but  there  is  no  large  fundus  as  in  fig.  208,  and  fully  one- 
half  of  the  bladder  lies  above  the  plane  of  the  pelvic  inlet.  The  distance  between 
the  pubes  and  the  umbilicus  is  7  cm.,  and  the  bladder  reaches  within  2  cm.  of  the 
umbilicus.  In  a  boy  aged  three  years 
(see  fig.  215),  the  bladder  is  contracted 
and  lies  almost  entirely  below  the 
plane  of  the  pelvic  inlet,  and  the  peri- 
toneum is  reflected  from  the  anterior 
abdominal  wall  on  to  the  upper  surface 
of  the  bladder  about  1  cm.  above  the 
symphysis  pubis.  In  another  boy,  aged 
five  years,  in  whom  the  bladder  was 
also  contracted,  the  peritoneum  passed 
down  on  the  back  of  the  pubic  sym- 
physis before  being  reflected  on  to  the 
bladder.  Disse  made  a  series  of  obser- 
vations on  the  distance  from  the 
urethra]  orifice  of  the  bladder  to  the 
plane  of  the  pelvic  inlet,  and  he  came 
to  the  conclusion  that  the  bladder 
sinks  rapidly  during  the  first  two  years, 
then  slowly,  until  the  commencement 
of  the  ninth  year,  when  it  remains 
stationary  until  puberty,  at  which 
period  it  again  slowly  descends  until 
it  gains  its  adult  position.  (For  further 
particulars  of  the  bladder  in  the  child, 

consult  Symington,  '  The  Topographical  Anatomy  of  the  Child,' 1887  ;  Takahashi, 
'Beitrage  zur  Kenntniss  der  Lage  der  fetalen  und  kindlichen  Harnblase,'  Arch  .f.Anat. 
1888  ;  Disse,  *  Untersuchungen  ueber  die  Lage  der  menschlichen  Harnblase  und 
ihre  V7eranderung  im  Laufe  des  Wachstums,'  Anat.  Hefle,  Heft  1,  1892  ;  and 
Birmingham,  '  The  Shape  and  Position  of  the  Bladder  in  the  Child,'  Jour.  Anat. 
and  Phjs.,  vol.  xxxii.,  1898.) 


Fig.     215. — Part    of    a    median    section    of    the 
pelvis  of  a  male  child,  aged  three   years. 
(J.  Symington.) 


Natural  size. 


STRUCTURE  OF  THE  BLADDER. 

The  bladder  is  composed  of  a  serous,  a  muscular,  a  submucous,  and  a  mucous 
coat,  and  is  supplied  with  numerous  blood-vessels  and  nerves. 

The  serous  or  peritoneal  coat  is  a  partial  covering,  investing  only  the 
posterior  and  upper  half  of  the  bladder,  and  reflected  from  it  upon  the  surrounding 
parts  in  the  manner  already  described  in  detail. 

The  muscular  coat  consists  of  unstriped  muscular  fibres,  which  are  described 
as  forming  layers,  the  outer  of  which  consists  of  bundles  of  fibres  more  or  less 
longitudinal,  and  the  next  of  fibres  more  circular  in  disposition  ;  while  beneath 
this  is  a  submucous  layer. 

The  external  longitudinal  fibres  (fig.  216,  A,  B,  C)  are  most  distinctly  marked  on 
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l'i'..  -.'I'i.     Dissections  showing  the  <  01  bse  or  the  mttsculab  fibres  of  the  uladder. 
third  aatural  size.     (Allen  Thomson,  after   I'ettiLiiew.  and  from  nature.) 

A.  From  the  front. 

i  in  the  rich!  -iil-_-  the  superficial  lilacs  are  shown  ;  mi  the  left,  the  deep  or  circular  fibres  chiefly  are  displayed. 

.lit  side,  the  median  and  most  superfii  ial  bands  of  the  longitudinal  fibres,  in  which  a  slight  decussa- 

!   n  ,  those  diverging  BOmewhat  ;    o*,the  lowest,  which  pass  much  more  obliquely;   the 

il  ol  the  longitudinal  fibres  to  the  prostate  is  shown  :   on  the  left  side,  c,  the  upper,  <•'.  the  middle, 

or  di     per  fibres  ;    at  a,  the  thickest  and  most  transverse  sets  of  these  lilacs  formine 

ictei  :   p,  right  hall  ol  the  prostate,  the  lefl  hali  having  fern  removed;    u,  the  urachus,  into  which 

tudlnal  i  en  prolon 

I'..   I  pom  il"-  back. 

the  superficial  fibres  are  displayed  ;    on  the  lefl  the  deeper  fibres  of  the  same  kind  or 

■•  and  so,,,,-  ,,t  t|„  ,h     median,  most  superficial  and  strongest  hands 

right  side  ;   V,  the  more  diverging    1 1  oi  fibres  near  the  middle  of  the  bladder; 

'  fibres  whii  I,  surround  the  entran  e  oi  the  ureters  ;  on  the  left  side,  c,  c,  and  e",  indicate 

passing   round  al   various  levels,  and  crossing  with  the  deeper  diverging  fibres 

>'  the  neck  forming  the  sphincter ;  u,  the  urachus ;  ur,  the  ureters  ; 

moved  to  show    the  sphirn  tei  ;    v,  part  of  the  right  ductus  detenu, 

lis. 

<  .   Prom  the  left  side. 

on  -  are  Been  running  from  below  upwards,  crossing  each  other  by 
"  on  '  the  bladder,  and  are  indicate  1  bj  the  same  Utters  as  iu  the  precednm  ii._'urc>": 

fibres  has  been  removi  d  bo  as  to  expose  the  deeper  circular  fibres. 
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the  anterior  and  posterior  surfaces  of  the  bladder.  Commencing  in  front  at  the 
neck  of  the  organ,  from  the  pubes  in  both  sexes  (musculi  pubo-vesicales),  and,  in 
the  male,  from  the  adjoining  part  of  the  prostate  gland,  they  may  be  traced  upwards 
along  the  anterior  surface  to  the  summit  of  the  bladder  ;  and  they  may  likewise 
be  followed  down  over  the  posterior  surface  and  base  to  the  under-part  of  the 
neck  of  the  bladder,  where  they  become  attached  to  the  prostate  in  the  male,  and 
to  the  front  of  the  vagina  in  the  female.  Upon  the  sides,  the  superficial  fasciculi  run 
more  or  less  obliquely,  and  often  intersect  one  another  ;  in  the  male,  they  reach 
the  prostate.  At  the  summit,  a  few  are  continued  along  the  urachus.  The  longi- 
tudinal fibres,  taken  together,  constitute  what  has  been  named  the  detrusor  urince 
muscle  ;  but,  according  to  Griffiths,  these  fibres  ;  do  not  form  a  separate  muscle, 
and  have  not  a  separate  function.' 

The  so-called  circular  fibres  form  a  thin  and  somewhat  irregular  reticulated 
layer,  distributed  over  the  body  of  the  bladder,  having  various  directions  in 
different  bladders.  Their  course  may  in  general  be  looked  upon  as  transverse,  but 
for  the  most  part,  throughout  the  upper  two-thirds  of  the  bladder,  they  cross  one 
another  in  very  oblicme  bands. 

The  third  stratum  of  fibres,  still  more  deeply  situated,  was  first  described  by 
Ellis.1  who  distinguished  it  as  '  submucous.'  This  layer  is  specially  well  developed 
at  the  base  of  the  bladder.  Beneath  the  trigone,  it  consists  of  a  mass  of  fine  trans- 
verse fibres,  which  are  thickened  posteriorly  to  form  the  ureteric  bar,  and  are 
continuous  in  front  with  the  sphincter  vesicae.  A  distinct  layer  of  connective - 
tissue  separates  these  transverse  fibres  from  the  longitudinal  fibres  beneath  them. 
If  the  latter  be  cut  across  opposite  the  base  of  the  trigone,  this  area  of  the  bladder, 
with  its  submucous  fibres  and  the  ureteric  openings,  can  readily  be  separated  from 
the  rest  of  the  bladder.3 

The  muscular  coat  of  the  bladder  forms  so  irregular  a  covering  that,  when  the  organ  is  much 
distended,  intervals  arise  in  which  the  walls  are  very  thin  ;  and,  should  the  internal  or  mucous 
lining  protrude  in  any  sjnot  through  the  muscular  bundles,  a  sort  of  hernia  is  produced,  which 
may  go  on  increasing,  so  as  to  form  what  is  called  a  vesical  sacculus,  or  appendix  vesicae,  the 
bladder  thus  affected  being  termed  sacculated.  Hypertrophy  of  the  muscular  fasciculi,  which 
is  liable  to  occur  in  stricture  of  the  urethra,  or  other  affections  impeding  the  issue  of  the  urine, 
gives  rise  to  that  condition  named  the  fasciculated  bladder,  in  which  the  interior  of  the  organ 
is  marked  by  strong  reticulated  ridges  or  columns,  with  intervening  depressions. 

Next  to  the  muscular  coat,  between  it  and  the  mucous  membrane — but  much 
more  intimately  connected  with  the  latter — is  a  well-marked  layer  of  areolar  tissue, 
the  vascular  or  submucous  coat.  This  submucous  areolar  layer  contains  a  large 
number  of  finely  coiled  fibres  of  elastic  tissue. 

The  mucous  membrane  of  the  bladder  is  soft,  smooth,  and  of  a  pale  rose 
colour.  It  is  continuous  above  with  the  lining  membrane  of  the  ureters  and  kidneys, 
and  below  with  that  of  the  urethra.  Neither  here  nor  in  the  ureters  is  the  mucous 
membrane  provided  with  a  muscularis  mucosa'.  It  adheres  loosely  to  the  muscular 
tissue,  and  is  thus  liable  to  be  thrown  into  wrinkles,  except  at  the  trigone,  where 
it  is  always  more  even.  It  is  covered  with  a  (transitional)  stratified  epithelium 
similar  to  that  of  the  ureters. 

Blood-vessels,  lymphatics,  and  nerves. — Arteries. — The  superior 
vesical  arteries  proceed  from  the  remaining  pervious  portions  of  the  hypogastric 
arteries  ;  in  the  adult,  they  appear  as  direct  branches  of  the  internal  iliac.  The 
inferior  vesical  arteries  are  usually  derived  from  the  anterior  division  ot  the 
hypogastric.     In  the  female,  the  uterine  arteries  also  send  branches  to  the  bladder. 

1  '  An  Account  of  the  Arrangement  of  the  Muscular  Substance  in  the  Urinary  ami  Generative  Organsof 
the  Human  Body.'  Transactions  of  the  Medico-chir.  Society  of  London,  vol.  xxxix.,  1  S.">(i. 
-  Wright  and  Benians,  op.  <:it..  \>.  229. 


234  I  ROGENITAL  SYSTEM 

The  neck  and  base  of  the  organ  appeal  to  be  the  most  vascular  portions.    The 
veins  form  large  plexuses  around  the  neck,  sides,  and  base  of  the  bladder  :     they 

•anally  pass  into  the  hypogastric  veins. 

The  lymphatics  form  plexus*  a  in  i  be  t  unica  muscularis  and  tunica  advent  itia, 

but  appear  to  be  absent  in  the  tunica  mucosa  and  tela  suhmucosa.  The  lymphatics 
i.f  the  anterior  wall  of  the  bladder  go  to  the  anterior  and  lateral  vesical  glands; 
those  from  the  posterior  wall  to  the  lateral  vesical,  iliac,  and  hypogastric  glands. 
Nerves.--  The  nervous  supply  of  the  bladder  is  bilateral,  each  half  having 
.vn  nerves.  On  each  side,  the  nerves  are  derived  from  two  sources,  namely  : 
(a)  f  1 1  .in  th-  third,  the  fourth,  and  sometimes  the  second  sacral  nerves:  these  fibres, 
which  are  known  as  the  pelvic  splanchnics  (Gaskell),  consist  almost  entirely  of  fine 
medullated  nerves,  and  pass  Erom  the  sural  spinal  nerves  directly  to  the  pelvic 
plexus  without  going  through  the  gangliated  cord  of  the  sympathetic,  (b)  From 
t  he  hypogastric  pU  xus  of  the  symjxtthrtic  :  these  fibres  are  nearly  all  non-medullated. 
They  arise  Erom  the  upper  Lumbar  nerves,  and  reach  the  hypogastric  plexus  through 
the  aortic  plexus  and  the  inferior  mesenteric  ganglion.  Both  sets  unite  in  the 
pelvic  plexus,  which  contain-  numerous  ganglia,  and  the  fibres  which  go  from  the 
plexus  to  the  bladder  are  mainly,  if  not  entirely,  non-medullated.  According  to 
von  Zeissl,  the  pelvic  splanchnics  supply  only  the  longitudinal  fibres  of  the  bladder ; 
but  Griffiths  found  that  stimulation  of  the  peripheral  cut  ends  of  these  nerves 
produced  contraction  of  the  entire  muscular  coat  on  the  same  side.  These  nerves 
also  contain  sensory  fibres  from  the  bladder.  Stimulation  of  the  peripheral  cut 
ends  of  th<  hypogastric  fibres  causes  feeble  contraction  of  the  corresponding  half 
of  the  bladder  (Langley) :  and  if  the  bladder  be  previously  contracted,  it  causes  rapid 
relaxation  (Griffiths).  The  hypogastric  plexus  also  contains  sensory  fibres,  which 
probably  reach  the  spinal  cord  through  the  twelfth  thoracic  and  first  and  second 
lumbar  nerves. 


OIIGANA   GENITALIA. 

The  genital  organ-  an    grouped  with  the  urinary,  under  the  term  apparatus 

urog-enitalis.    The  reasons  for  this  grouping  have  already  been  given  (p.  204). 

The  genital  organs  are  divisible  into  male  (orgrana  g-enitalia  virilia)  and  female 

(orerana  erenitalia  muliebria).     In  each  sex  these  organs  consist  of  a  pair  of 

glands,  testes  or  ovaria,  which  are  conci  rned  in  the  formation  pf  the  sexual  cells, 

spermatozoa  or  ova,  and  of  the  genital  passages  by  which  these  cells  are  conveyed 

to  the  exterior.     The  conjugation  of  these  two  types  of  genital  cells  occurs  in  the 

female  genital  passages,  and  the  product  of  their  union  is  retained  there  for  a 

iderable  time     in  the  earlier  stages  of  development  as  the  embryo,  and  in  the 

latei  as  the  fetus     while  the  male  genital  cells  are  discharged  from  the  male  passages 

as  minute  organisms.     Eence  arises  a  physiological  necessity  for  a  great  increase 

<  i  the  female  genital  passages  as  compared  with  those  of  the  male.     In  the 

stages  of  their  development,  the  genital  organs  of  the  two  sexes  are  indis- 

able  from  one  anothei  :  a  pair  of  genital  glands  appear,  which  subsequently 

tea  or  ovaria,  while  the  genital  dints  are  at  first  identical.     The  forma- 

ages  is  complicated  by  the  fact  that  in  both  sexes  two  pairs  of 

eloped     Wolffian  and  Miillerian,  the  former  becoming  functional  in 

ale  and  the  latter  in  the  female:    and  that  the  ducts  which,  in  either  sex, 

■•  fun  tional,  persisl  throughout  life  as  rudimentary  organs.     While  all 

mmonly  described  as  unisexual,  it  may  be  held  that  they 

hermaphrodite  ;    the  characters  of  one  sex  being  normally  highly 
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developed,  while  those  of  the  other  remain  latent  or  imperfectly  developed. 
Anatomically,  each  sex  possesses  certain  rudimentary  organs  of  the  opposite 
sex.  Hermaphrodites  are  individuals  who  combine  within  themselves  the  essential 
characters  of  both  sexes.  Anatomical  hermaphroditism  may  be  divided  into  true 
or  glandular  (where  both  the  testes  and  ovary  are  present),  and  false  or  tubal— 
the  Mullerian  ducts  persisting  in  the  male  and  the  Wolffian  in  the  female. 

ORG  AN  A   GENITALIA-  VIRILIA. 

Under  this  head  will  be  included  a  description  of  a  pair  of  glands — the  testes— 
with  their  serous  investments  and  other  coverings  ;  of  a  very  long  and  complicated 
system  of  excretory  ducts,   with  reservoirs  for  the  storage  of  the    semen,    and 
of  various  structures  closely  related  to  the  urethra — such  as  the  prostate  and 
bulbo-urethral  glands,  and  certain  masses  of  erectile  tissue  forming  the  penis. 

THE  TESTES  AND  THEIR  ACCESSORY  STRUCTURES. 

The  testes  or  testicles,  the  two  glandular  organs  which  produce  the  sperma- 
tozoa, are  situated  in  the  pouch  of  integument  termed  the  scrotum,  each  being 
suspended  by  a  funiculus  spermaticus. 

Funiculus  spermaticus  (spermatic  cord). — The  parts  which  form  this 
cord  are  the  excretory  duct  of  the  testis  (named  the  ductus  deferens),  the  spermatic 
artery  and  veins,  lymphatics,  nerves,  and  connecting  areolar  tissue.  Besides  this 
last,  the  cord  has  several  coverings  in  common  with  the  testis.  The  structures 
mentioned  come  together  to  form  the  cord  at  the  abdominal  inguinal  ring,  and, 
extending  through  the  abdominal  wall  obliquely  downwards  and  towards  the 
middle  line,  escape  at  the  subcutaneous  inguinal  ring,  whence  the  cord  descends 
over  the  front  of  the  pubes  into  the  scrotum  to  end  at  the  back  of  the  testicle. 
The  spermatic  cord  is  not  formed  until  the  testis  begins  to  leave  the  abdomen, 
and  it  gradually  increases  in  length  during  the  descent  of  the  testis. 

Canalis  ing-uinalis. — By  the  term  inguinal  canal  is  understood  the  space 
occupied  by  the  spermatic  cord  as  it  passes  through  the  abdominal  wall.  It 
extends  from  the  subcutaneous  to  the  abdominal  inguinal  ring,  and  is  about 
3-5  cm.  in  length.  In  the  upper  part  of  this  course  the  funiculus  has  the  fascia 
transversalis  behind  it,  and  is  covered  in  front  by  the  lower  fibres  of  the  internal 
oblique  and  transversalis  muscles  ;  lower  down,  it  lies  in  front  of  the  conjoined 
tendon  of  these  muscles,  the  fibres  of  which  have  arched  inwards  over  it,  and 
its  cremasteric  covering  is  in  contact  anteriorly  with  the  aponeurosis  of  the 
external  oblique  muscle.  The  inguinal  canal  is  therefore  said  to  be  bounded 
posteriorly  by  the  fascia  transversalis  above  and  the  conjoined  tendon  below,  and 
anteriorly  by  fibres  of  the  transversalis  and  internal  oblique  muscles  above,  and 
the  aponeurosis  of  the  external  oblique  muscle  below  ;  while  its  floor  is  formed 
by  the  curving  backwards  of  the  inguinal  ligament,  and  its  roof  by  the  apposition 
of  the  layers  of  the  abdominal  wall  and  the  arched  fibres  of  the  internal  oblique 
and  transversalis  muscles. 

As  it  enters  the  inguinal  canal,  the  funiculus  receives  a  covering  from  the 
infundibuliform  or  internal  spermatic  fascia— a  thin  layer  continuous  with  the  fascia 
transversalis,  and  prolonged  down  from  the  margin  of  the  abdominal  ring  :  within 
the  canal  it  receives  a  covering  from  the  eremaster  muscle  and  its  layer  of  fascia  ; 
and,  as  it  emerges  from  the  canal,  there  is  added  superficially  to  this,  the  intercrural 
or  external  spermatic  fascia  prolonged  from  the  margin  of  the  subcutaneous  ring. 

The  scrotum.— The  scrotum  forms  a  purse-like  investment  for  1  he  testes  and 
the  lower  part  of  the  spermatic  cords.     Its  condition  is  liable  to  sonic  variation 
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\g  to  the  state  of  the  health  and  other  circumstances  :  thus  it  is  short  and 
corrugated  in  robusl  persons  and  under  the  effects  of  cold,  but  becomes  loose  and 
pendulous  in  persons  of  weakconsiitution.  and  under  the  relaxing  influence  of  heat. 
perficiaJ  division  into  two  lateral  halves  is  marked  by  a  slight  median  ridge. 
named  the  rapfie,  extending  forwards  to  the  under-side  of  the  penis,  and  backwards 
along  tli''  perineum  to  the  margin  <>f  the  anus. 

TIk-  coverings  <>f  the  cord  and  testis  in  the  scrotum  may  be  enumerated  from 
withnu  inwards  a-  follows  :  namely — the  skin  and  the  dartos  tissue,  the  intercrural 
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l'i...  219. — Section  of  the  right  spermatic  cord  of  a  man,  aged  twenty  years,  as  seen  from  above. 

Magnified  eleven  diameters.     (Ebertb.) 

ia,  the  cremaster  muscle  and  fascia,  and  the  ihfundibuliform  fascia,  which  is 
united  to  the  cord  by  a  layer  of  loose  areolar  tissue;  lastly,  the  special  serous 
membrane  of  the  testis,  named  the  tunica  vaginalis,  which  forms  a  closed  sac,  of 
which  <me  part  lines  i  he  scrotum  ami  t  he  other  closely  envelopes  the  testis. 

1.  The  skin  of  the  scrotum  is  very  thin,  and  is  of  a  darker  colour  than  that  of 

the  body  generally  ;  it  is  commonly  thrown  into  rugre  or  folds,  which  are  more  or 

distinct,  according  to  the  circumstances  already  mentioned.     It  is  furnished 

iceous  follicles,  the  secretion  from   which   has  a,  peculiar  odour,  and  it  is 

I  over  with  thinly  scattered,  curled  and  flattened  hairs,  the  bulbs  of  which 

•  --en  oi  fell  through  t  lie  skin  when  the  scrotum  is  stretched.     The  superficial 

Is  arc  also  readily  distinguished  through  this  thin  integument. 

ediately  beneath  the  skin  of  the  scrotum  there  is  found  a  thin  layer  of  a 

reddish-brown  tissue,  endowed  with  contractility,  and  named  the 


SPERMATIC  CORD  239 

dartos  tunic.  This  subcutaneous  layer  is  continuous  with  the  superficial  fascia  of 
the  groin,  perineum,  and  inner  side  of  the  thighs,  but  assumes  a  different  structure, 
and  is  entirely  free  from  fat.  The  dartoid  tissue,  which  is  more  abundant  on  the 
fore  part  of  the  scrotum  than  behind,  forms  two  distinct  sacs  for  the  corresponding 
testes,  united  together  along  the  middle  line  so  as  to  establish  a  median  partition, 
named  the  septum  scroti,  which  is  adherent  below  to  the  deep  surface  of  the  raphe, 
and  reaches  upwards  to  the  root  of  the  penis.  The  dartos  is  very  vascular,  and 
owes  its  contractile  properties  to  the  presence  of  a  considerable  amount  of  unstriped 
muscular  tissue  (Kolliker). 

3.  The  intercrural  or  external  spermatic  fascia — a  very  thin  and  trans- 
parent, but  relatively  firm,  layer  derived  from  the  tendon  of  the  external  oblique 
muscle  of  the  abdomen — is  attached  above  to  the  margins  of  the  subcutaneous  ring, 
and  is  prolonged  downwards  upon  the  funiculus  and  testis.  It  lies  at  first  beneath 
the  superficial  fascia  and,  lower  down,  beneath  the  dartos,  and  it  is  intimately 
connected  with  the  layer  next  mentioned.  It  constitutes  the  fascia  cremasterica 
of  the  '  B.N.A.' 

4.  The  cremasteric  layer  is  composed  of  scattered  bundles  of  striped 
muscular  fibres,  connected  together  into  a  continuous  covering  by  intermediate 
areolar  tissue.  The  red  muscular  portion,  which  is  continuous  with  the  lower 
border  of  the  internal  oblique  muscle  of  the  abdomen,  constitutes  the  cremaster 
muscle,  and  the  entire  covering  is  often  named  the  cremasteric  fascia.  By  the 
action  of  the  cremaster,  the  funiculus  is  shortened  and  the  testicle  is  raised 
towards  the  abdomen. 

5.  The  infundibuliform  or  internal  spermatic  fascia,  continuous  above 
with  the  fascia  transversalis  and  situated  immediately  beneath  the  cremasteric 
muscle,  invests  the  funiculus  completely,  and  is  connected  below  with  the  posterior 
part  of  the  testicle  and  the  outer  surface  of  its  serous  tunic.  On  forcirg  air  beneath 
the  infundibuliform  fascia,  a  quantity  of  loose  and  delicate  areolar  tissue  is  seen  to 
connect  its  deep  surface  with  the  ductus  deferens  and  spermatic  blood-vessels,  and 
to  form  lamella?  between  them.  This  areolar  tissue  is  continuous  above  with  the 
subserous  areolar  tissue  found  beneath  the  peritoneum  on  the  anterior  wall  of 
the  abdomen  ;  below,  it  is  lost  upon  the  back  of  the  testicle.  Together  with 
the  infundibuliform  fascia,  it  forms  the  fascia  propria  of  Astley  Cooper.  The 
infundibuliform  fascia  is  the  tunica  vaginalis  communis  of  the  '  B.N. A.'  and  must 
be  distinguished  from  the  tunica  vaginalis  propria  testis,  wdiich  is  the  serous  sac  of 
the  testis  derived  from  the  peritoneum. 

Lying  amongst  this  loose  areolar  tissue,  in  front  of  the  upper  end  of  the  funiculus,  there 
is  often  seen  a  fibrous  band,  which  is  connected  above  with  the  pouch  of  peritoneum  found 
opposite  the  upper  end  of  the  inguinal  canal,  and  which  passes  downwards  for  a  variable  distance 
along  the  spermatic  cord.  Occasionally,  it  may  be  followed  as  a  tine  cord,  as  far  as  the  upper 
end  of  the  tunica  vaginalis  ;  sometimes  no  trace  of  it  can  be  detected.  It  is  the  vestige  of  a 
tubular  process  of  the  peritoneum,  which  in  the  fetus  connects  the  tunica  vaginalis  with  the 
general  peritoneal  membrane.  As  fully  described  in  Vol.  I.  (Embryology),  the  testisis  developed 
in  the  abdomen  inclose  relation  to  the  Wolffian  body,  and  subsequently  lies  near  the  kidney. 
During  fetal  life,  it  descends  on  the  posterior  abdominal  wall  from  the  lumbar  region  to  the 
inguinal  canal,  which  it  traverses  shortly  before  birth,  and  then  passes  down  into  the  scrotum. 
At  a  period  considerably  prior  to  its  escape  from  the  abdominal  cavity,  a  pouch  of  peritoneum 
already  extends  down  into  the  scrotum.  Into  this  pouch,  or  processus  vaginalis  peritoncei,  the 
testicle  projects  from  behind,  supported  by  a  duplicature  of  the  serous  membrane,  named  the 
mesorchium.  Sooner  or  later,  after  the  gland  has  descended  into  the  scrotum,  (lie  upper  part 
or  neck  of  this  pouch  becomes  contracted,  and  finally  obliterated,  from  (he  abdominal  ring 
down  nearly  to  the  testicle,  leaving  no  trace  but  the  indistinct  fibrous  curd  already  described, 
while  the  lower  part  remains  as  a  closed  serous  sac  surrounding  the  testicle,  and  which  IS  hence 
named  the  tunica  vaginalis  testis. 

In  the  female  fetus,  an  analogous  pouch  of  peritoneum  descends  for  a  short  distance  along 


240  DROGEN1  CAL  SYSTEM 

the  round  Ogami  nt  i  f  the  uterus,  cuid  has  received  the  appellation  of  the  anal  of  Nuck.    Of 

•  -  maj  al ~i  always  l'<   Been  in  the  adult. 

The  neck  of  the  processus  vaginalis  Bometimes  becomes  closed  at  intervals  only,  leaving  a 

the  front  of  the  cord;    or  a  long  pouch  may  continue  open  at  the  upper 

end,   leading  1 1 •  >i 1 1   the  abdominal  cavity  into  the  inguinal   canal.     In   other   instances,  the 

remains  altogether  pervious,  and  the  cavity  of  the  tunica  vaginalis  is  thus 

atinuous  with  that  of  the  peritoneum.     Jn  such  a  congenital  defect,   a  portion  of 

i [   omentum  maj  descend  from  the  abdomen  into  the  inguinal  canal  and  scrotum, 

and  constitute  whal   is  named  a  congenital  hernia.      Lastly,  one  or  both  testes  may  remain 

permanently  within  the  abdomen,  or  their  d>  -  »n1  may  be  delayed  till  after  puberty,  when  it 

may  occasion  disturbance.     Retention  of  the  testes  in  the  abdomen  ( crypt orchismus) 

i-.  l ti  many  in  ;iic  accompaniment  of  arrested  development  of  the  glandular  structure  ; 

.  a  peculiarity  which  may  I"-  presenl  without  impotence.     Rarely,  a  testis,  alter 

ing  from  the  inguinal  canal,  may  pass  to  the  front  ot  the  pubesabove  the  penis,  to  the 

inner  side  of  the  thigh,  or  may  descend  at  the  side  of  the  scrotum  into  the  perineum.     A  few 

.,      rded       •     Romanovskj    and   Winiwarten,  'Dystopia  testis   transversa,'    Anat. 

Bd.  x\\  i-.  1905)  where  both  testicles  d<  9cended  on  the  same  side. 

In  a  few  mammals,  as  the  elephant,  the  testes  remain  permanently  within  the  abdomen; 

in  a  much  larger  number,  as  the  rodentia,  they  only  descend  at  each  period  of  heat.    The  complete 

.  losure  of  the  tunica  vaginalis  is  peculiar  to  man.  and  may  be  considered  as  connected  with  his 

adaptation  to  tin-  erect  posture. 

(i.  The  tunica  vaginalis. — This  tunic  forms  a  closed  sac,  of  which  the  opposil  e 
surfaces  are  in  contact  with  each  other.  Like  the  serous  membranes  in  general, 
. .f  which  it  presents  one  of  the  simplest  forms,  it  may  be  described  as  consisting  of 
*/<>/  and  a  parietal  portion.  The  visceral  portion  (lamina  visceralis)  closely 
invests  the  greater  part  ofthe  body  of  the  testis,  as  well  as  the  epididymis,  between 
which  parts  it  is  depressed  in  the  form  of  a  pouch  (sinus  epididymidis)  and  lines 
their  contiguous  surfaces,  and  adheres  intimately  to  the  proper  fibrous  tunic  of  the 
gland.  Along  the  posterior  border  of  the  gland,  where  the  vessels  and  ducts  enter 
.■i  passout,  the  serous  coat,  having  been  reflected,  is  wanting.  This  portion  of  the 
-en, us  covering  frequently  presents  villous  prolongations  on  the  borders  of  the 
epididymis  and  upper  end  of  the  test  is  ;  these  processes,  sometimes  of  considerable 
length,  are  covered  in  sonic  places  with  cylindrical,  in  others  with  layers  of  Hat. 
epithelium. 

The  parietal  or  scrotal  portion  of  the  tunica  vaginalis  is  more  extensive  than 
which  covers  the  body  of  the  testis;  it  reaches  upwards,  sometimes  for  a 
i  onsiderable  distance,  upon  the  spermatic  funiculus,  extending  somewhat  higher  on 
the  inner  than  on  the  outer  side.  It  also  reaches  downwards  below  the  testicle, 
which,  therefore,  appeal-  in  lie  suspended  at  the  hack  of  the  serous  sac.  when  this 
latter  is  distended  with  llnid  :  a  fold,  or  so-called  ligament .  being  left  projecting  at 
the  lower  end  of  the  epididymis  (fig.  '220.  f). 

Foi    ■  ■■  d  during  the  later  months  of  fetal  life,  th.cn-  is  a  tunica  ca<ii>ial is  communis, 

both  tie-  testis  and  tin-  spermatic  cord.     After  the  obliteration  of  the  portion  covering 
,.ii,   cord,  the  tunica  vaginalis  propria  testis  is  left. 

Blood-vessels,    lymphatics,    and     nerves     of    the     scrotum     and 

spermatic    cord.  -The   arteries  arc  derived  from  several  sources.     The  two 

.;/  pudendal  and  the  anterior  scrotal  arteries  (branches  of  the  femoral)  reach 

tie'  front   and  side-  ,d  the  3crotum,  supplying  the  integument  and  dartos ;  the 

'■//  branches  of  t  he  internal  pudendal  are  dist  ributed  to  the  back  part 

rotum  :   lastly,  more  deeply  seated  than  cither  of  these,  is  a  branch  given 

n  the  inferior  epigast  tic  artery,  named  at  iitaslcr/'c  which  is  chiefly  distributed  to 

remaster  muscle,  bul  also  supplies  small  branches  to  the  other  coverings  of 

ord,  and  by  its  ultimate  divisions  anastomoses  with  the  other  vessels.     The 

•  ■'>  ft  /'  ns,  a  long  slender  vessel  derived  from  the  superior  or  inferior 
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vesical,  accompanies  the  tube  in  its  whole  length.  The  veins  accompany  the 
arteries.  The  veins  of  the  cord  form  the  spermatic  or  pampiniform  plexus.  The 
lymphatics  of  the  scrotum  form  a  close-meshed  network,  and  the  afferent 
vessels,  five  to  eight  in  number,  pass  to  the  superficial  inguinal  glands — mainly 
the  upper  and  median  groups. 

The  nerves  are  derived  from  various  sources.  The  ilio-inguinal,  a  branch 
of  the  lumbar  plexus  issuing  by  the  subcutaneous  ring,  supplies  the  integu- 
ments of  the  scrotum  ;  this  nerve  is 
joined  also  by  a  filament  from  the  ilio- 
hypogastric branch  of  the  same  plexus  : 
sometimes  two  separate  cutaneous  nerves 
come  forward  through  the  external  ring. 
The  two  posterior  scrotal  branches  of  the 
pudendal  nerve  accompany  the  artery  of 
the  same  name,  and  supply  the  inferior 
and  posterior  parts  of  the  scrotum.  The 
■perineal  branch  of  the  posterior  cutaneous 
of  the  thigh,  joins  with  the  posterior 
scrotal  nerves,  and  with  them  is  distri- 
buted to  the  sides  and  lower  part  of  the 
scrotum.  Lastly,  the  genital  branch  of 
the  genito-femoral  nerve,  reaching  the 
spermatic  funiculus  at  the  abdominal 
ring,  passes  with  it  through  the  inguinal 
canal,  and  supplies  the  fibres  of  the 
cremaster  muscle,  besides  sending  a  few 
filaments  to  the  other  deep  coverings  of 
the  cord  and  testicle.  The  ilio-inguinal 
and  genito-femoral  come  from  the  first 
and  second  lumbar  nerves,  while  the 
branches  of  the  other  nerves  to  the 
scrotum  are  derived  from  the  third  and      FlG-  220-— The  left  tunica  vaginalis  opened- 

f  -J  -.  SHOWING  THE  TESTIS,    EPIDIDYMIS,  ETC.,    FROM 

lOUrtll  Sacral  nerves.  the  outer  side.     (Allen   Thomson.) 

p,  p,  out  edges  of  the  parietal  layer  of  the  tunica 

vaginalis  drawn  aside  ;  t,  body  of  the  testis  ;  e,  e' , 

THE   TESTES.  epididymis;  /,  a  fold  of  the  tunica  vaginalis  passing 

from  the  body   of  the  testis  to  the  side.     In  the 

The    testes    (testicles),    the    principal        "PP61  part  of  the  figure,  the  tunica  vaginalis  has 

-,  1        i      •       ,  i  i  •  been  dissected  off  at  the  place  of  its  reflexion  on 

reproductive  glands  m  the  male,  two  in      the  cord  to  show  v  d>  the  ductus  defere„s,  and 

number,  are  Suspended  obliquelv  in  the  </.  the  organ  of  Giraldes ;  O,  the  three  small 
<-.,™„4.,,»„   U„  ~,  £  j-l.  i  i  nodules  of  this  organ  enlarged  about  ten  times,  and 

scrotum  bv  means  of  the  cord  and  mem-       ,  t.  f  ,  ,   ,      tl.    f 

J  >*^vi   x  i^iii  showing  the  remains  ot   tubular  structure   within 

branes  already  described  ;  they  are  usually      them;  h,  appendix  testis. 
placed   at  unequal  heights — that  of  the 

left  side  being  lower  than  the  other.  They  are  of  an  ovoid  form,  but  are  slightly 
compressed  from  side  to  side,  so  that  they  have  two  somewhat  flattened  surfaces- 
median  and  lateral — an  upper  and  a  lower  end,  an  anterior  and  a  posterior  border. 
They  are  about  40  mm.  long,  30  mm.  wide  from  back  to  front,  and  25  mm.  thick 
from  side  to  side.     The  weight  of  each  varies  from  15  grins,  to  25  grins. 

The  front  and  sides  of  the  testis,  together  with  the  upper  and  the  lower  ends, 
are  free,  smooth,  and  closely  invested  by  the  tunica  vaginalis.  The  posterior  border 
is  attached  to  the  spermatic  cord,  and  it  is  here  that  the  vessels  and  nerves  enter 
or  pass  out.  When  the  testis  is  suspended  in  its  usual  position,  its  upper  end  is 
directed  obliquely  forwards  and  outwards,  as  well  as  upwards,  whilst  the  lower, 
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which  ia  rather  smaller,  has  the  opposite  direction.    It  follows  from  this' that  the 
nor  or  attached  border  is  turned  upwards  and  inwards,  and  the  outer  flattened 
lightly  backwards. 

Attached  bo  the  lateral  pari  <<\  the  posterior  border  of  the  gland,  is  a  long  narrow 
body,  the  epididymis,  which  Eorms  part  of  the  excretory  apparatus  of  the  testicle. 
and  i-  principally  composed  of  the  convolutions  of  a  long  tortuous  canal  or  efferent 
duct,  to  be  presently  des<  rihed.  Its  upper  extremity,  larger  than  the  lower,  pro- 
jects forwards  on  the  upper  end  of  the  testis,  and  is  named  the  caput  epididymidis 
or  globus  major  (fig.  220,  e) ;  the  lower,  which  is  more  pointed, is  termed  thecauda  or 
globus  minor:  whilst  the  intervening  portion  is  named  the  corpus.  The  lateral 
convex  Burface  of  I  be  epididymis  is  Eree  and  covered  by  the  tunica  vaginalis.  The 
anterior  concave  surface  is  directed  towards  the  testicle,  to  which  it  is  attached  at 
i  be  caput  and  caiida  :  but  opposite  the  corpus  it  is  free,  and  covered  by  the  pouch 
of  the  tunica  vaginalis,  called  the  sinus  epididymidis.  The  median  rather  ill-defined 
surfai  e  i-  related  to  the  spermatic  vessels.  At  its  upper  and  lower  extremity,  the 
epididymis  is  attached  to  the  testis  by  fibrous  tissue  (ligamentum  epididymidis 
superius  and  ligamentum  epididymidis  inferius)  and  by  a  reflection  of  the  tunica 
vaginalis.  The  globus  major  of  the  epididymis  is  also  attached  to  the  testicle. 
by  the  efferent  ducts  of  the  testicle. 

The  appendix  testis  is  a  small  strut  tine,  usually  pedunculated,  which  is  attached  to  the 
front  of  the  upper  pole  of  the  testis,  or  somel  imes  to  the  groo'*  e  between  it  and  the  caput  epididy- 
midis. It  is  often  termed  the  hydatid  of  Morgagni ;  but  it  is  only  in  rare  cases  a  sac  containing 
Quid,  being  usually  a  soft  reddish  structure,  composed  of  well-developed  blood-vessels,  Are.. 
embedded  in  connective-tissue,  and  covered  by  columnar  epithelium.  On  section,  it  is  found 
to  contain  a  minute  duct,  lined  bj  columnar  epithelium,  which  may  end  blindly  or  open  into  the 
cavity  of  the  tunica  vaginalis.  It  probably  represents  the  remains  of  the  cephalic  end  of  the 
Miillerian  dud  (J.  II.  Watson.  'Some  Observations  on  the  Origin  and  Nature  of  the  so-called 
Hydatids  of  Morgagni  found  in  Men  and  Women,  with  special  Reference  to  the  Fate  of  the 
Miillerian  Duct  in  the  Epididymis,'  Jour.  Anal,  and  /  7/ //■«..  vol.  xxxvi.,  1902). 

Appendix  epididymis. — This  is  a  small  pedunculated  body  attached  to  the  front  of  the 
caput  ol  the  epididymis.     The  stalk  may  be  a  fine  cylindrical  thread  about  10  mm.  in  length, 
Imt  it  i-  generally  shorter.     The  appendix  epididymis  is  less  frequently  present  than  the  appendix 
Told!  c  Die  Anhangsgebilde  des  mensohlichen  Hodens  und  Nebenhodens,'  Site.  d.  k. 
A  lead.  d.  II  i«*i  n*rltiijii  n  in    W'iin,  Is'.tli  found  it   present  in  twenty-nine  out  of  one  hundred 
and  five  testes  examined,  and  of  the  twenty-nine  it  was  single   in    twenty-one,  and  in  the 
remaining    eight    multiple;    in  one  of    them   there  were   as    many  ;is    four   appendices.      It    has 
essentially  the  same  structure  as  the  appendix  testis  (Wright  and  Brown,  •  Anatomy  of  the 
id  Structures  in  the  Neighbourhood  of  the  Epididymis,'  Brit.  Med.  Jour.,  vol.  ii.,  1912). 
Variations  in  testes.-  -In  addition  to  irregularities   in  position  (which  have  already  been 
n  fi  in  d  to  .  the  t.  BteB  maj  vary  in  number.     One  testicle  may  be  absent  or  very  rudimentary. 
ol    supernumerary  testicles  have  been  reported  (sec  Lowe,  '  Double  Testicle  on 
One  Side,'  Brit.  Med.  Jour.,  September  2, 1911  :  and  Sparrow.  '  Supernumerary  Testicles,1  Ibid., 
mber  20,  1911)  as  having  been  mel  with  during  an  operation  or  in  the  physical  examina- 
tion    of    recruits;    but     eases    uliieh     do    not    permit     of    a    microscopic    examination  of    the 
ory  organ  cannot  be  regarded  as  proved  (see  \V.  A.  Sneath,  'An  Apparent  Third  Testicle: 
..f  a  Scrotal  Spleen.'  .I<mr.  Aunt,  and  Phy8.,  vol.  xlvi.,  April  1913). 


slUUCTURE    OF   THE   TESTIS   AND   EPIDIDYMIS. 

The  ■  .  enclosed  in  a  strong  capsule,  the  tunica  albugrinea.    This  is  a 

dens,-  unyielding  fibrous  membrane,  of  a  white  colour,  and  of  considerable  thickness, 

which  immediately  invests  the  soft  substance  of  the  testis,  and  preserves  the  form 

the  gland.     It  is  composed  of  bundles  of  fibrous  tissue,  which  interlace  in  every 

on.     Tl uter  surface  is  covered  by  the  tunica  vaginalis,  except  along 

terior  border  of  the  testis,  where  the  spermatic  vessels  pass  through  and 
ctremities  of  the  epididymis  are  attached. 
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In  the  interior,  the  fibrous  tissue  of  the  tunica  albuginea  is  prolonged  from 
the  posterior  border  for  a  short  distance  into  the  substance  of  the  gland,  so  as  to 
form  within  it  an  incomplete  vertical  septum,  known  as  the  corpus  Highmori,  and 
named  by  Astley  Cooper  mediastinum  testis.  It  extends  from  the  upper  nearly 
to  the  lower  end  of  the  gland,  and  it  is  wider  above  than  below.  The  firm  tissue 
of  which  it  is  composed  is  traversed  by  a  network  of  seminal  ducts,  and  by  the 
larger  blood-vessels  of  the  gland,  which  are  lodged  in  channels  formed  in  the 
fibrous  tissue. 

From  the  front  and  sides  of  the  mediastinum  testis,  numerous  slender  fibrous 
cords  and  imperfect  septa  of  connective-tissue  are  given  off  in  radiating  directions, 


Ductus  deferens 
Spermatic  vessels 

Epididymis 


Cavil//  of  tunica 
vaginalis 


Fun  (cuius  spermaticus 

Tunica  vaginalis 

Mediaslin u m  testis 

Cavity  of  tunica 
vaginalis 

Tunica  albuginea 
Trabecidm 

Tubuli  seminiferi 

Tunica  vasculosa 


Fig.  221. — Transverse  section  of  testis,  epididymis,  and  spermatic  cord.     (Eberth.) 


and  are  attached  by  their  outer  ends  to  the  internal  surface  of  the  tunica  albuginea 
at  different  points,  thus  incompletely  dividing  the  glandular  substance  into  lobules. 
According  to  Kolliker,  plain  muscular  fibres  are  prolonged  upon  these  septula.  The 
whole  internal  surface  of  the  tunica  albuginea  is  covered  by  a  multitude  of  fine 
blood-vessels,  which  are  branches  of  the  spermatic  artery  and  veins,  and  are  held 
together  by  a  delicate  areolar  web.  Similar  delicate  ramifications  of  vessels  are 
seen  on  the  various  fibrous  offsets  of  the  mediastinum,  upon  which  the  blood- 
vessels are  thus  supported  in  the  interior  of  the  gland.  This  vascular  network, 
together  with  its  connecting  areolar  tissue,  constitutes  the  tunica  vasculosa  of 
Astley  Cooper. 

The  epididymis  also  possesses  a  tunica  albuginea,  but  it  is  not  so  thick  and 
firm  as  that  of  the  testis. 

At  the  back  of  the  testis  and  epididymis,  beneath  the  fascia  propria  a  ml  opposite 
the  lower  two-thirds  of  the  testis,  is  a  considerable  amount  of  unstriped  muscular 
tissue — the  inner  muscular  tunic  of  Kolliker. 

Seminiferous  tubules. — -The  testis  is  a  compound  tubular  gland  in  which 
the  spermatozoa,  or  essential  elements  of  the  seminal  fluid,  are  formed.  The  t  ubuli 
seminiferi  occupy  the  fibrous  framework  formed  by  the  albuginea.  the  mediastinum, 
and  the  trabecular,  and  they  are  loosely  connected  together  by  areolar  tissue  in  the 
lobular  spaces  already  described. 
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Of  these  Lobules,  there  are  some  LOO  to  200  (Krause),  or  more  ;  they  are  of  unequal 
the  middle  ones  being  the  Larger  and  are  imperfectly  separated  from  one 
another,  the  Bepta  being  incomplete,  lu  each  Lobule  are  two,  three,  or  more 
seminiferous  tubules  closely  convoluted  (tubuli  seminiferi  contorti),  and  bere  and 
there  branched  especially  at  their  anterior  or  distal  extremity  where,  in  a  cortical 
near  the  albuginea,  they  are  stated  frequently  to  communicate  laterally  with 
one  another.  It  is  not  difficult  to  unravel  the  tubules  for  some  distance,  for  their 
walls  are  moderately  strong,  and  their  diameter  (0-2  mm.)  large,  compared  with 
those  of  other  tubular  glands     BUch  as  the  kidney.     Their  length  is  estimated  to  he 

on  an  average  aboul  60  cm.,  and  their  number 
between  Si  ii  i  and  900,  making  a  total  of  about 
1  .Toil  feet  (Lautli).  The  structure  of  these  tubules 
and  the  |  irocess  of  spermatogenesis  is  fully  described 
in  Vol.  II.,  Pt.  I. 

Ducts  of  the  testis.  —  As  the  tubuli 
seminiferi  contorti  approach  the  mediastinum 
testis,  they  unite,  as  before  said,  with  one  another 
at  acute  angles  into  a  smaller  number  of  tubes, 
which  have  a  less  flexuous  course,  and  at  length 
become  nearly  straight.  Close  to  the  mediastinum. 
they  taper  into  short,  straight  tubes  (tubuli 
seminiferi  recti),  of  smaller  diameter  than  the 
seminiferous  tubes  (fig.  224),  and  differing  from 
them  in  the  character  of  their  epithelium.  This,  in 
the  straight  tubules,  is  a  single  layer  of  flattened 
or  cubical  cells  continuous  with  the  outer  or  lining 
cells  of  the  seminiferous  tubes. 

The  straight    tubules    open   into  a   network  of 
channels  winch  lies  in  the  fore-part  of  the   medias- 
tinum,  and   is   named   rete  testis    (fig.    224,    c). 
The  tubes  composing  the  rete  have  no  proper  walls, 
but  are  merely  channels  in  the  fibrous  stroma,  lined 
by  flattened  epithelium.     Their  diameter  is  greater 
than    that  of  the  tubuli  recti.     The  secretion  from 
the  testis  is  accumulated  in  the  rete  testis,  and  is 
conducted  to  the  upper  and  back  part  of  the  testis, 
whence    it    is    conveyed   away     by    the    ductuli 
efferentes  testis,   or  vasa  efferentia.     These 
are  from  twelve  to  fifteen,  or  sometimes  twenty, 
in  number;     they  perforate  the   tunica   albuginea 
beneath   the    globus  major  of   the   epididymis — of 
form  a  part      and   in  the  convoluted  canal  of  which 
ultimately  terminate.     On  emerging  f mm  the  testis,  these  vasa  efferentia  are 
but,  becoming  more  convoluted  as  they  proceed  towards  the  epididymis, 
they  form   a    series  ol  small   conical  masses,  the   bases  of  which    are   turned    in 
ime     direction,    and    are    named    lobuli    epididymidis,  or  coni  vasculosi 
525).    They  are  about  0*5   mm.  in  diameter.     The  largest  of  the  cones 
I  I  mm.  long,  and  when  unrolled,  each  is  found  to  consist  of  a  single  coiled 
ing  from    L50  nun.   to  200  mm.  in  length,  and  the  diameter  of  which 
decreases  from  the  testis  to  the  epididymis  (Iluschke).     Opposite  the 
-  major,  these    separate   efferent    vessels  open   at   intervals— which,  in  the 
found  to  be  about  75  mm.  in    length— into  a  single    canal 
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or  duct,  the  intervening  and  subsequent   convolutions  of  which  constitute  the 
epididymis  itself. 

The  ductus  epididymidis  (fig.  222,  e,f,  g)  is  disposed  in  very  numerous  coils, 
and  extends  from  the  globus  major  downwards  to  the  globus  minor  or  tail,  where, 
turning  upwards,  it  is  continued  on  as  the  ductus  deferens.  When  its  complicated 
flexuosities  are  unrolled,  it  is  found  to  be  about  6  metres  (twenty  feet)  in  length. 
The  smallest  windings  are  supported  and  held  together  by  fine  areolar  tissue  ;  but 
besides  this,  numerous  incomplete,  transverse,  fibrous  partitions  are  interposed 
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Tnhuli  recti 
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Fig.  223. — Longitudinal  section  thkough  the  testis  and  epididymis.     (Bohm  and  v.  Davidoff.) 


between  larger  masses  of  the  coils.  The  canal  of  the  epididymis  is,  at  its 
commencement,  about  0-4  mm.  in  diameter  ;  but,  diminishing  as  it  proceeds 
towards  the  globus  minor,  is  about  (>27  mm.,  after  which  it  again  increases 
in  size,  and  becomes  less  convoluted  as  it  approaches  the  ductus  deferens.  Its 
coats,  which  are  at  first  thin,  become  thicker  in  its  progress. 

The  vasa  efferentia  have  a  layer  of  circular  muscular  fibres,  to  which,  in  the  tube 
of  the  epididymis,  is  added  an  external  longitudinal  layer,  both  being  relatively  thin. 
The  epithelial  lining-cells  are  columnar  in  form,  and  are  ciliated — the  cilia  being 
long — and  causing  by  their  movement  a  current  towards  the  ductus  deferens.  In 
the  epididymis  the  cells  are  greatly  elongated  ;  in  the  vasa  efferentia,  they  are 
shorter;  in  the  lower  part  of  the  epididymis  the  cilia  disappear.  Between  the 
fixed  ends  of  the  columnar  cells  other  smaller  cells  are  met  with. 

The  ductus  deferens  (vas  deferens)  (fig.  226,  //)  forms  the  continuation 
upwards  of  the  convoluted  duct  of  the  epididymis,  from  which  dud  it  is  readily 
distinguished  by  its  much  larger  size  and  the  greater  thickness  and  strength  of  its 
walls. 

Course  and  relations. — It  commences  at  the  lower  end  of  the  epididymis, 
and,  at  first  rather  tortuous  but  afterwards  becoming  straight,  it  ascends  upon  the 
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median  side  of  the  epididymis,  and  along  the  back  of  the  testicle,  separated  from 

both,  however,  by  the  blood-vessels  passing  to  and  from  the  gland.    Continuing  then 

cend  in  the  spermatic  cord,  the  dud  us  deferens  accompanies  the  spermatic  artery, 

reins,  and  nerves,  a^  far  as  I  he  upper  end  of  the  inguinal  canal.    Between  the  testicle 

and  the  lower  end  of  the  inguinal  canal  its  course  is  nearly  vertical :  it  lies  behind 
the  spermatic  vessels,  and  is  readily  distinguished  by  its  hard  corddike  feel.  It 
then  passes  obliquely  upwards  and  oul  wards  along  the  inguinal  canal,  and,  reaching 
the  median  border  of  the  abdominal  inguinal  ring,  leaves  the  spermatic  vessels 
(which  extend  to  the  lumbar  region),  and  turns  suddenly  backwards  and  inwards 
round  the  lateral  and  posterior  aspecj  of  the  inferior  epigastric  vessels  to  reach  the 


L — PASSAGE  i.i    i  0KTO1  I  TED   -i.mimi  EBOUS  TUBULES   tNTO   STRAIGHT  TUBULES,  AND  OF  THESB  INTO 

THE    BETE  TESTIS.      (Mihalkovics.) 

involuted  Beminiferous  tubules,  straight  tubules  not  lettered;   b,  fibrous  stroma  continued  from  the 
C,   n-te   testis. 


Bide  wall  of  1  he  pelvis  |  fig.  227).    From  the  abdominal  ring,  the  ductus  deferens  passes 

nearly  horizontally  backwards  for  8  cm.  to  10  cm.  in  the  direction  of  the  ischial 

In  this  part  of  its  course,  it  lies  just  beneath  the  peritoneum  and  median 

eternal  iliac  vessels,  the  obturator  vessels  and  nerve,  and  the  ligamentum 

ilicale  laterale.    It  then  comes  into  relation  with  the  base  of  the  bladder,  and. 

the  peritoneum,  curves  downwards,  median  to  the  ureter.    Upon  the  base 

ladder,   the  ductus   deferent es   lie  between  this  organ  aDd  the  rectum. 

ards  and  inwards  between  the  vesiculae  seminales  (fig.  230)  until 

h   the  prostate,  where  each  ductus  deferens  ends  by  joining  with  the 

ponding  seminal  vesicle  on  its  outer  side  to  form  one  of  the 

minal  or  ejaculatory  ducts  (fig.  230,  e.d.). 

the  ductus  deferens  lies  on  the  side  wall  of  the  pelvis,  it  forms  the  posterior 
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boundary  of  the  posterior  paravesical  fossa  and  the  anterior  boundary  of  the 
obturator  fossa.1  At  the  base  of  the  bladder,  it  is  enclosed  with  the  seminal  vesicle 
in  a  well-defined  fibro-muscular  sheath,  and  becomes  dilated  and  somewhat 
tortuous,  forming  the  ampulla  of  Henle. 

Dimensions. — The  ductus  deferens  measures  40  cm.  to  45  cm.  in  length.  In 
the  greater  part  of  its  extent,  it  is  cylindrical  or  slightly  compressed,  and  lias  an 
average  diameter  of  about  2"5  mm.,  with  a  lumen  of  0-2  mm.  to  0*5  mm.  ;  but 
at  the  ampulla  of   Henle,  which  is  about  3  cm.  long,  it  may  acquire  a  diameter 


Fig.  225. — Ducts  of   the   testiclk 

INJECTED  WITH  MERCURY.    (From 

Haller.) 

a,  body  of  the  testicle  ;  6,  tubuli 
in  the  interior  of  the  gland  ;  c,  rete 
ductuli  efferentes  testis  terminating 
in  the  coni  vasculosi ;  e,  f.  g,  con- 
voluted canal  of  the  epidid3^mis ; 
h,  ductus  deferens  ascending  from  the 
globus  minor  of  the  epididymis. 


Fig.  226.  —  Injected  testis,  epididymis,  and 
ductus  deferens.  (From  Kolliker,  after 
Arnold.) 

a,  body  of  the  testicle  ;  6,  lobules  ;  c,  vasa 
recta;  d,  rete  testis;  e,  vasa  eff erentia ;  /.  coin 
vasculosi ;  (J,  epididymis  ;  h,  ductus  deferens  ;  i,  vas 
aberrans  ;  m,  branches  of  the  spermatic  artery  passing 
to  the  testis  and  epididymis  ;  re,  ramification  in  the 
testis  ;  o,  artery  of  the  ductus  deferens  ;  p,  its  union 
with  a  twig  of  the  spermatic  artery. 


of  about  7  mm.  to  10  mm.  Previously  to  its  junction  with  the  duct  of  that 
vesicle,  it  again  becomes  narrowed  into  a  smaller  and  straight  cylindrical  canal. 

Structure. — besides  an  external  areolar  investment,  and  an  internal  mucous 
membrane,  the  ductus  deferens  is  provided  with  an  intermediate  thick  muscular 
tunic,  of  a  deep  yellowish  colour.  This  coat  consists  of  two  layers  of  plain  fibres  : 
an  outer  of  longitudinal  and  an  inner  of  circular  fibres  (fig.  228,  d,  e).  In  addition, 
near  the  commencement  of  the  tube,  there  is  an  internal  longitudinal  stratum, 
extremely  thin,  and  constituting  not  more  than  one-fifth  of  the  muscular  coat 
(fig.  2L!8,  c)  ;   in  the  ampulla,  the  inner  longitudinal  fibres  are  absent. 

The  lining  membrane  exhibits  on  its  surface  three  or  four  longitudinal  ridges, 
and,  besides  this,  in  the  sacculated  portion  of  the  duct,  it  is  marked  by  numerous 

1   Waldeyer,  'Topographical  Sketch  of  the  Lateral  Wall  of  the  Pelvic  Cavity,  with  Special   Reference   to 
the  Ovarian  Groove,'  Jour.  Anat.  and  Phys.,  vol.  xxxii.,  October  1897, 
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finer  ruga  which  enclose  irregular  polyhedral  spaces,  resembling  in  this  alveolar 
character  the  lining  membrane  of  the  seminal  vesicles,  and  is  provided  with  simple 
and  branched  tubular  glands  (Hcnle)  and  well-marked  diverticula.  The  epithelium 
IS  of  the  columnar  kind,  and  in -n  ciliated.  As  in  the  epididymis,  there  is  a  deeper 
laver  of  small  cells  bet  ween  t  be  columnar  cells. 


EPIGASTRIC     VESSELS 


OBT.   VESSELS—    - 


N^ 


DUCTUS    DEFERENS 


FlO.   227.       Iwil:   VIKW   (IF   THE  GROUT,   SHOWING    THE    HI  (TVS   DEFERENS  PASSING  FROM   T1IK   AMioMlSAL. 

iMaiNAi.  ring  into  the  pelvis.     (KUis  and  Thane.) 
IK.   peritoneum  and  subperitoneal  tissue  have  been  removed  ;   and  the  rectus  and  transversalis  muscles 
1  by  the  t rnnsvcrsalis  fascia.     The  ilio-psoas  muscle  and  lateral  cutaneous  nerve  are  covered 
by  the  ili. i.   1 1 ii  i.i. 

r  i;.  og ;  o,  ligamentum  lacunare  or  Gimbemat'a  ligament  ;  pect.,  pectineus  muscle  covered  l>y 

:    ;-»''.,  pubiO  branch  Of  epigastric  artery  anastomosing  with  puhie  of  ohtiirator. 


The  walls  "I  t  lie  ductus  deferens  are  very  dense  and  strong,  and  feel  hard  to  the 
touch,  owing  to  the  Large  proportion  their  thickness  hears  to  the  lumen  of  the 
ibe.     In  the  sacculated  portion,  the  passage  is  much  wider,  and  the  walls  are  thinner 
in  proportion. 

Vas  aberrant.     This  name  \va>  applied   liy   Mailer  to  ;i   long  narrow  tube,  Or  diverticulum 

226,  1 1,  difli  overe.l  l.v  him.  and  almost  invariably  met  with,  which 
the  lower  part  of  the  canal  of  the  epididymis,  or  from  the  commencement  of  the 
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ductus  deferens,  and,  becoming  tortuous  and  convoluted,  is  rolled  up  into  an  elongated  mass,  which 
extends  upwards  for  2  cm.  to  3  cm.  amongst  the  vessels  of  the  spermatic  cord,  where  the  tube 
ends  by  a  closed  extremity.  Its  length,  when  it  is  unravelled,  ranges  from  about  5  cm.  to  ."!()  cm., 
and  its  width  increases  towards  its  blind  extremity.  Sometimes  this  diverticulum  is  branched, 
and  occasionally  there  are  two  or  more  such  aberrant  ducts.  Its  structure  appears  to  lie  similar 
to  that  of  the  ductus  deferens.  Its  presence  is  due  to  the  persistence  of  one  or  more  of  the 
transverse  tubules  of  the  caudal  part  of  the  Wolffian  body.  Luschka  .states  that  occasionally 
it  does  not  communicate  with  the  canal  of  the  epididymis,  but  appears  to  be  a  simple 
serous  cyst. 

Paradidymis  (organ  of  Giraldes). — The  small  body  thus  named  is  situated  in  the  front  of 
the  cord  immediately  above  the  caput  epididymidisfsee  fig.  220,  g).  It  consists  usually  of  several 
small  irregular  masses  containing  convoluted  tubules  lined  with  columnar  ciliated  epithelium, 


Fig.  '228. — Section  across  the    commencement 
of  the  ductus  defeeens.     (Klein.) 

a,  epithelium  ;  6,  mucous  membrane  ;  c,  d,  e, 
inner,  middle,  and  outer  layers  of  the  muscular 
coat ;  /,  bundles  of  the  internal  cremaster  muscles ; 
r/,  section  of  a  blood-vessel. 


-    Ductus  deferens 

Diverticulum 

~-  Adventitia 
Mucosa 
Muscularis 

■7  ' 

W-/A--  Adventitia 


X^ — Diverticula 
I —  Ampulla 


Orifice  <;/'  seminal 
vesicle 


Fig.  229.— Left  seminal  vesicle  with  the 
corresponding  ductus  deferens  and  its 
ampulla.     (Bberth.) 

Coronal  section.     The  interior  looked  at  from 
behind. 


and  is  scarcely  to  be  recognised  until  the  surrounding  connective-tissue  has  been  rendered 
transparent  by  re-agents.  Toldt.  '  Ueber  die  vasa  aberrantia  des  Nebenhodens  und  fiber  die 
Paradidymis,'  Anal.  .4ft3e<(/.,Eiganzungsheft  zum  VHJahrgang,  1892)  distinguishes  two  of  these 
organs:  an  upper,  situated  in  front  of  the  spermatic  venous  plexus  and  above  the  head  of  the 
epididymis  ;  and  a  lower,  having  the  same  relation  to  the  veins,  but  being  behind  the  head  of  the 
epididymis.  The  upper  body  consists  of  a  few  small  tubules,  blind  at  each  end,  which  are 
vestiges  of  the  tubules  of  the  Wolffian  body.  The  tubules  of  the  lower  body  may  be  closed  at 
each  side  or  may  join  by  one  extremity  the  body  of  the  epididymis;  they  represent  detached 
ductuli  efferentes. 

The  vesiculse  seminales  are  two  branched  and  sacculated  diverticula  of  the 
ductus  deferentcs.  situated  one  on  each  side  between  the  Madder  and  the  rectum. 
Each  vesicle  forms  a  somewhat  oval  mass  with  the  narrow  end  in  front  and  its  long 
axis  directed  forwards,  inwards,  and  downwards.  The  upper  or  anterior  surface 
is  somewhat  flattened,  and  the  lower  or  posterior  convex.     Their  length  is  usually 
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aboul  •"»  'in.,  and  the  greatesl  breadth  aboul  2  cm.,  and  the  thickness  1  cm.  ;   but 
they  \  ary  both  in  Bize  and  shape  in  differenl  individuals,  unci  also  on  the  two  sides. 

Their  upper  obtuse  extremities  are  separated  widely  from  each  other  (see  tig.  231). 
hut  anteriorly  they  converge  so  as  to  approach  thetwoductus  deferentes,  which  run 

forwards  to  the  prostate  be- 
tween them.    With  the  ductus 
deferentes     thus     interposed, 
they  occupy  the  two  diverging 
sides  of  the  triangular  portion 
of   the   base   of  the  bladder, 
which   lies  upon  the  rectum. 
and  is  bounded  behind  by  the 
line  of  reflexion   of  the   peri- 
toneum  at    the    extremity    of 
the  re<  to-vesical  pouch.    With 
both      bladder    and     rectum 
empty,  only  the  anterior  and 
inner  part  of  each  vesicle  is  in 
contact  with  these  viscera,  and 
the    greater    portion    of     the 
vesicle  lies  lateral  to  the  recto- 
vesical pouch  of  peritoneum, 
and  is  separated    below    and 
at   the   side  by  fascia    and  a 
plexus    of     veins     from    the 
levator      ant    and    obturator 
internus  muscles  (see  fig.  231). 
As   the    bladder   and    rectum 
become   distended,  the  inter- 
vening  structures  are  pushed 
aside,  and   nearly   the   whole 
length    of    the    vesicle    is    in 
contact  with  one   or  other  of 
these   viscera.      Each   vesicle 
is  invested  by  a  strong  fibro- 
muscular  sheath. 

The  sacculated  appearance 
of     the    seminal     vesicles     is 
owing  to  their  peculiar  form- 
ation.     Each    consists    of    a 
main     duct      more     or      less 
tortuous  and  having  attached 
to   it    a    variable    number  of 
blind  diverticula    which    may 
be  simple  or  branched.    When 
unrolled,  the  main  duct  may  be  1<>  cm.,  or  more,  in  length,  and  about  the  same 
the  ampulla  of  the  ductus  deferens.    Occasionally,  the  posterior  end  of  the 
le  i-  formed  by  a  loop  of  the  main  duct  ami  not   by  its  blind  extremity,  which 
■       ds.    Anteriorly,  the  main  duct  becomes  straight  and  narrowed,  and 
ppo  ite  the  base  of  the  prostate  by  uniting  on  its  inner  side,  at  an  acute  angle, 
narrow  termination  of  the  corresponding  ductus  deferens  to  form  a  single 
I,  which  is  the  common  seminal  or  ejaculatory  duct. 


280.     Diagram  o   thi    bi  ldder,  prostate  bland, 
..i   ■mi.  peris,  btc.    (J.  Symington.) 

ill.  part  of  bane  oi  bladdei  bj  peritoneum,  separated 

dotted  line  from  a  triangular  Bpace  left  uncovered  by  that 

brani  .    u.,  ureter;    s. v.,  seminal  vesicle;    e.d..  ejaculatorj 

duct  tab  :   if.,  membranous  part  of  the  urethra;  B,  bulb; 

osum  urethra; ;    c,  crua  penis;  I  .'•..  Cowper's 

gland. 
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Variations. — G.  Pallin  ('Beitrage  zur  Anatomie  und  Embryologie  der  Prostata  und  der 
Samenblasen,'  Arch.  f.  Anat.,  1901),  investigated  the  form  and  relations  of  the  main  duet  and 
the  diverticula  in  nineteen  adult  subjects,  whose  ages  ranged  from  twenty-five  to  seventy-seven 
years,  and  found  they  varied  considerably.  He  grouped  his  specimens  under  two  main 
heads  :  (a)  those  in  which  the  main  duct  was  only  slightly  convoluted,  and  (b)  those  in  which 
the  convolutions  were  very  tortuous.  Under  each  head  the  diverticula  wen-  either  short  and 
fairly  uniform  in  size,  or  very  unequal ;  some  being  long  and  tortuous,  and  other  branched. 

Absence  of  the  seminal  vesicles  is  very  rare.     They  are  often  unequal  in  size. 

The  seminal  vesicles  are  considered  by  some  authorities  to  serve  as  reservoirs  for  the  testicular 
secretion  ;  while  others  maintain  that  the  material  contained  in  the  vesicles  is  secreted  by  their 


•• —  hnrhis  ili  j,  ,  ,■,<  . 


Bladder 


Sacro-geniial  fold 
Seminal  vesicle 


w  Recto-genital  pouch 
3:  Obturator  internus  m. 
~  I'nriifcrtiil  tissue 
£r  /tectum 


Pubo-anal  portion  of 
levator  ctni 

1 it nil  us  maximus  m. 

Ischio-rectal  fat 

perficial  ext. 
sphincter 


Fig.  231. — Photograph   of  part  of  a  coronal  section  of  the  pelvis  of  a  man.  aged  forty  years, 
viewed  from  behind.     Natural  size.     (J.  Symington.) 

lining  membrane,  and  becomes  mixed  with  the  semen  in  the  act  of  ejaculation,  the  semen  being 
stored  in  the  epididymides  and  in  the  ampulla?  of  the  ductus  defereutes.  W.  Nagel  [Physiologie 
des  Menschen,  Bd.  ii.,  1906)  believes  that  their  more  important  function  is  secretory.  John 
Hunter  showed  that  in  the  elephant,  the  ducts  from  the  seminal  vesicles  open  directly  into  the 
urethra,  and  consequently  there  are  no  ejaculatory  ducts  in  this  animal. 

In  structure,  the  seminal  vesicles  resemble  very  closely  the  adjoining  sacculated 
portions  of  the  ductus  deferentes.  Besides  an  external  investment,  connected  with 
the  recto-vesical  fascia,  and  containing  vessels  of  considerable  size,  lymphatics,  and 
gangliated  nerve-cords,  they  have  a  muscular  coat  and  a  mucous  membrane.  The 
muscular  layers  are  thin  compared  with  those  of  the  ductus  deferens,  and  consist 
of  two  layers  :  an  outer  of  longitudinal  and  an  inner  of  circular  fibres.  A  con- 
siderable amount  of  plain  muscular  tissue  is  found  covering  the  posterior  surface 
and  extending  transversely  between  the  two  vesicles.  There  arc  also  longitudinal 
fibres  traceable  over  the  vesicles  from  those  of  the  bladder  (Ellis,  Benle).  The 
mucous  membrane  is  traversed  by  very  many  line  rugae,  which  form  an  alveolar 
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structure  resembling  thai  seen  in  the  galbhhulder.  hut  deeper  and  enclosing'  much 
tiuer  meshes.  The  epithelium  of  the  vesicles  is  columnar  with  a  deeper  layer  of 
small  polyhedral  cells. 

Tin'  ductus  ejacuiatorii.  or  common  seminal  ducts,  two  in  number,  convey 
the  semen  into  the  urethra,  and  (fig.  242,  k.d.)  are  formed  on  each  side  by  the  junc- 
tion of  the  aarrowed  extremities  of  the  corresponding  ductus  deferens  and  vesicula 
seminalis,  close  to  the  base  "f  the  prostate  gland.  From  this  point,  they  run 
forwards  and  downwards,  at  the  same  time  approaching  each  other,  and  then 
pass  side  by  Bide  through  the  prostate  between  its  middle  and  two  lateral  lobes. 

The  dint  of  the  seminal  vesicle  is  in  line  with  the  cjaeulaton  duet,  and  the  ductus 
deferens  joins  it  at  nearly  a  righl  angle. 

\ftei  a  course  of  ahotit  1<>  mm.,  during  which  they  become  gradually  narrower. 
they  end  in  the  floor  of  the  prostatic  portion  of  the  urethra  by  two  small  slit-like 
orifices  placed  on  the  colliculus  seminalis.  one  on  each  prominent  margin  of  the 
opening  of  the  prostatic  utricle  (fig.  242, d).  For  a  short  distance,  the  ejaculatory 
duct-  run  in  the  substance  of  the  lateral  walls  of  the  utricle.  At  its  origin,  the 
ejaculatory  duct  is  dilated  to  form  the  sinus  ejaeulatorius.1  the  lumen  of  which  is 
aboul  <  es  nun.,  but  the  opening  of  the  duct  into  the  urethra  is  only  about  0-2  mm. 
in  diameter.  Felix  describes  live  recesses  on  the  dorsal  and  median  walls  of 
the  ejaculatory  duct  :  the  firsl  and  fourth,  counting  from  below  upwards,  are 
purely  diverticula,  the  remaining  three  are  the  ducts  of  glands. 

Structure. — The  mucous  membrane  is  thrown  into  numerous  folds,  its  epithe- 
lium contains  yellow  pigment,  and  the  superficial  cells  are  columnar.  The  duct  proper 
i '  muscular  n  >at,  except  at  the  sinus,  but  the  recesses  have  muscular  walls. 
Blood-vessels,  lymphatics,  and  nerves  of  the  testis  and  its  ducts. 
The   blood-vessels,  &c.  of  the  testis  differ  from  those  of  the  scrotum,  as  they  are 
carried  down  with  the  testis  during  its  descent  from  the  abdomen  into  the  scrotum. 
Arteries.     The  arteria  testicularis  or  spermatic  artery,  or  proper  artery  of  the 
le,  i-  a  -lender  and  remarkably  long  branch,  which  arises  from  the  abdominal 
aorta,    and   passing  down   the  posterior  abdominal  wall,  reaches  the  spermatic 
funiculus,  and  descends  in  it  to  the  gland.     In  early  fetal  life,  its  course  is  much 
shorter,  as  the  testis  is  then  situated  near  the  part  of  the  aorta  from  which  the 
artery  arises.     A  little  below  the  subcutaneous  inguinal  ring,  the  artery  gives  off  a 
branch  which  supplies  the  coverings  of  the  funiculus.      The  main  trunk  ends  in 
two  or  more  terminal  branches,  which,  near  the  testicle,  become  tortuous  and  break 
up  into  numerous  branches,  some  of  which  (capsular)  ramify  beneath  the  tunica 
albuginea  and  -end  twigs  into  the  substance  of  the  testis,  while  others  (central) 
through  the  mediastinum  and  ramify  along  the  septula  testis  before  supplying 
tubuli  seminiferi.     Near  the  upper  end  of  the  testis,  small  branches  are  given 
to  the   head   of  the  epididymis,   and  others  lower  down  supply  the  tail  of  the 
epididymis  and  anastomose  with  the  artery  on  the  ductus  deferens. 

The  ductus  deferens  receives  from  one  of  the  vesical  arteries  a  long  slender  branch 

hi<h  accompanies  the  duet,  and  hence  is  named  the  arteria  deferentia.     It  ramifies 

the  coats  of  the  duct,  and  reaches  as  far  as  the  testis,  where  it  anastomoses  with 

l  matic  artery. 

Veins.    The  s/imnaiic  reins,  commencing  in  the  testis  and  epididymis,  pass  out 

the  posterior  border,  where  they  unite  into  larger  vessels,  which  freely  communi- 

ate  with  each  other  as  they  ascend  along  the  cord,  and  form  the  pampiniform  plexus. 

ately,  two  01  three  veins  follow  the  course  of  the  spermatic  artery  into  the 

men,  where  they  unite  into  a  single  trunk  {spermatic  rein):  that  of  the  right 

tring  into  the  inferior  vena  cava,  and  that  of  the  left  into  the  left  renal  vein. 

'   W.  Felix,  '  Xur  Anatomic  des  ductus  ejaeulatorius,-  o.s.w.  Anal.  Hefte,  Heft  liv..  1901. 
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Lymphatics. — The  lymphatic  vessels  accompany  the  spermatic  blood- 
vessels, and,  ascending  with  these  in  the  spermatic  cord  and  on  the  posterior 
abdominal  wall,  terminate  in  the  lymphatic  glands  situated  beside  the  abdominal 
aorta. 

Nerves. — The  nerves  form  a  delicate  set  of  sympathetic  filaments,  which 
arise  from  the  renal  and  coeliac  plexuses,  and  descend  with  the  spermatic  artery 
to  the  testicle.  Some  additional  filaments,  which  are  very  minute,  come  from 
the  hypogastric  plexus  and  accompany  the  artery  of  the  ductus  deferens.  The 
spinal  fibres  are  derived  from  the  tenth  thoracic  nerve. 

PENIS. 

The  penis  forms  with  the  mons  pubis  and  the  scrotum  the  partes  genitalis 
externw.  It  is  composed  mainly  of  cavernous  tissue,  and  serves,  when  distended  with 
blood,  as  the  male  organ  of  copulation.  The  cavernous  tissue  is  arranged  in  three 
long  and  somewhat  cylindrical  masses,  which  are  enclosed  in  fibrous  sheaths,  and  are 
united  together  in  a  part  of  their  course  so  as  to  form  a  three-sided  prism  which, 
surrounded  by  the  general  integument,  constitutes  the  body  of  the  penis.  Of  these 
masses,  two,  named  corpora  cavernosa  penis,  placed  side  by  side,  form  the  principal 
part  of  the  organ,  whilst  the  other,  situated  beneath  the  two  preceding,  surrounds 
the  canal  of  the  penile  portion  of  the  urethra,  and  is  named  corpus  cavernoswn 
urethras  or  corpus  spongiosum. 

The  skin  which  encircles  the  body  of  the  penis  is  prolonged  from  the  so-called 
dorsum  of  the  penis  upwards  over  the  pad  of  fat  forming  the  mons  pubis,  while  on 
the  under-surface  the  integument  is  folded  to  form  the  scrotum  (see  fig.  232). 

Behind  the  bend  in  the  flaccid  penis,  the  three  masses  of  cavernous  tissue  extend 
backwards  and  somewhat  downwards  into  the  perineum  as  the  root  of  the  penis. 
The  penis  is  attached  at  its  root  to  the  symphysis  of  the  pubes,  and  to  the  pubic 
arch  ;  in  front,  it  ends  in  an  enlargement  named  the  glans.  which  is  structurally 
similar  to  and  continuous  with  the  corpus  cavernosum  urethra?. 

The  glans  penis,  which  is  slightly  compressed  above  and  below,  has  at  its 
extremity  a  vertical  fissure  forming  the  external  orifice  of  the  urethra  (orificium 
urethral  externum)  ;  its  base,  which  is  wider  than  the  body  of  the  penis,  is  hollowed 
out  to  receive  the  narrowing  extremities  of  the  corpora  cavernosa  ;  its  border 
is  rounded  and  projecting,  and  is  named  the  corona  glandis,  behind  which  is  a 
constriction  of  the  penis  named  the  collum  glandis. 

The  skin  of  the  body  of  the  penis,  which  is  continued  from  that  of  the  pubes  and 
scrotum,  forms  a  simple  investment  as  far  as  the  neck  of  the  glans.  Here  it  projects 
forwards,  then  turns  inwards  and  backwards  over  the  glans.  forming  a  loose  fold 
consisting  of  a  superficial  and  a  deep  layer  of  the  integument.  This  fold  is  the 
pro3putium  or  fore-skin.  The  free  anterior  border  of  the  prepuce  forms  a  ring 
(the  annulus  prwputialis  maris)  which  bounds  the  orificium  prcBputii;  while  the 
space  between  the  prepuce  and  the  glans  is  sometimes  called  the  balano-preputial. 
The  inner  layer  of  the  prepuce  is  firmly  attached  behind  the  cervix  ;  and  from 
thence  the  integument,  becoming  closely  adherent,  is  continued  forwards  over  the. 
corona  and  glans,  as  far  as  the  orifice  of  the  urethra,  where  it  meets  with  the  mucous 
membrane  of  the  urethra.  The  line  of  attachment  of  the  prepuce  is  directed  from 
the  dorsum  obliquely,  downwards  and  forwards,  round  the  sides  to  the  undcr-aspect 
of  the  penis,  where  the  two  lateral  folds  of  the  prepuce  unite,  and  are  prolonged 
forwards  as  a  small  median  fold  (the  frenulum  prceputii)  to  within  a  short  distance 
of  the  orifice  of  the  urethra.  The  groove  between  the  attachment  of  the  prepuce 
and  the  corona  glandis  is  known  as  the  sulcus  retroglandis  or  collum  glandis. 
On  each  side  of  the  frenulum,  this  groove  deepens  to  form  the  fossa  frenuli. 
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Upon  the  body  of  the  penis  tin-  skin  is  thin,  free  from  fat.  and,  in  the  anterior 
two-thirds  oi  its  length,  from  bairsalso  :  in  these  respects  differing  remarkably  from 
that  on  the  pubes,  which  is  thick,  covers  a  large  cushion  of  fat,  and.  after  puberty, 


232. — MxdiaH  .- 1 01  MAi.i.  fi:i.n\  i'im-,  v\i>  mi:uii  m.    Three-fifths  natural  size.   (J.  Symington.) 

,  corpus  eavernosum  ;    s,  corpus  cavernosum  urethra  ;    b,  its  bulb;   G,  part  forming  the  glans  penis, 
ng,  see  fig.  118. 


TEN  IS 


255 


is  beset  with  hairs.  The  skin  of  the  penis  is,  moreover,  very  movable  and 
distensible,  and  is  of  a  darker  colour  than  the  skin  generally.  At  the  free  margin 
of  the  prepuce,  the  integument  changes  its  character,  and  approaches  that  of  a 
mucous  membrane,  being  red,  thin,  and  moist. 

Upon  the  surface  of  the  glans,  the  integument  is  firmly  and  intimately  adherent 
to  the  cavernous  tissue  of  the.  glans,  and  presents  a  bluish-red  appearance,  due  to 
the  colour  of  the  blood  shining  through  the  thin  skin.  The  surface  of  the  glans  is 
usually  smooth,  but  occasionally  possesses  papillary  elevations. 

The  smegma  prwputii,  or  white  creamy  material,  which  tends  to  collect  between 
the  prepuce  and  the  posterior  part  of  the  glans,  is  derived  from  the  desquamation  of 
the  epithelial  cells  in  this  region — few  if  any  glands  being  found  there. 


Fig.  233. — Dissection  of  the  perineum  in  the  male.     Half  natural  size. 
The  right  side  shows  a  superficial,  the  left  a  deeper,  view. 


Allen  Thomson.) 


a,  anus,  with  a  part  of  the.  integument  surrounding  it ;  b.  left  half  of  the  bulb  of  the  corpus  eavernosum 
urethra,  exposed  by  the  removal  of  the  bulbo-cavernosus  muscle  ;  c,  coccyx  :  il,  light  ischial  tuberosity  ; 
e,  e,  superficial  perineal  fascia;  /.  fat  occupying  the  right  ischio-rectal  fossa;  g,  gluteus  maxinius  muscle: 
1,  on  the  right  transverse  perineal  muscle,  behind  the  superficial  perineal  artery  as  it  emerges  in  front  of  the 
muscle  ;  T,  on  the  left  side,  on  the  surface  of  the  inferior  fascia  and  the  urogenital  diaphragm  behind  the 
superficial  perineal  artery  cut  short  ;  2.  on  the  right  ischio-cavernosus  muscle,  lateral  to  the  superficial  perineal 
artery  and  nerves  passing  forwards  ;  2',  on  the  left  side,  the  same  vessel  and  nerves  divided  ;  3,  the  right 
half  of  the.  inferior  fascia  ;  4,  left  ischial  tuberosity,  lateral  to  the  pudendal  artery  deep  in  the  ischio-rectal 
fossa ;  5,  5',  inferior  hsemorrhoidal  branches  of  the  pudendal  arteries  and  nerves  ;  6,  on  the  left  side,  placed 
in  a  recess  from  which  the  inferior  fascia  has  been  removed,  in  order  to  show  the  continuation  of  the  pudendal 
artery,  its  branch  to  the  bulb,  and  Cowper's  gland. 


Beneath  the  skin,  on  the  body  of  the  penis,  the  superficial  fascia  is  very  distinct ; 
it  is  continuous  with  that  of  the  groin,  and  also  with  the  dartos  tissue  of  the  scroi  urn, 
and  resembles  the  dartos  in  containing  non-striped  muscular  fibres,  which  are 
mainly  circular  in  direction. 

Lie  amenta  penis. — Under  this  term  may  be  included  two  layers  of  fascia: 
a  superficial  (ligamentum  fundiforme  penis),  and  a  deep  (ligamentum  suspensorium 
penis).  The  ligamentum  fundi  forme  arises  in  the  abdomen  from  the  linea  alba  and 
the  adjacent  portion  of  the  aponeurosis  of  the  external  oblique  muscle,  4  cm.  to  5  cm. 
above  the  symphysis  pubis,  and  extends  downwards  as  a  broad  band  of  elastic  fibres 
towards  the  dorsum  of  the  penis,  near  which  it  divides  into  two  iateral  bundles,  which 
pass  one  on  each  side  of  the  penis,  and  are  then  continued  downwards  into  the 
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septum  <>f  the  scrotum.  The  ligamenlum  suspensorium  lies  behind  the  Eundiform 
ligament,  and  is  much  smaller  :  it  is  triangular  in  tuna,  its  anterior  border  is  free, 
its  upper  border  is  connected  with  the  fore  part  of  the  pubic  symphysis,  and  below 
it  runs  down  upon  the  dorsum  of  the  penis,  and  Mends  with  the  tunicas  albuginese 
of  the  corpora  ca\  ernosa  penis. 

The  integuments  of  the  penis  are  supplied  with  blood  by  branches  of  the  dorsal 

artery  of  the  penis  and  external  pudendal 
artery  ;  the  veins  join  the  dorsal  and  external 
pudt  nihil  veins.  Their  nerves  are  derived 
from  the  dorsal  branches  of  the  pudendal 
nerves  and  from  the  Ueo-mguinal.  The 
lymphatics  arise  in  the  prepuce  and  the 
integument  of  the  glans,  and.  passing  back- 
wards, are  joined  by  vessels  from  the  skin 
of  the  body  of  the  penis.  They  unite  to 
form  several  trunks,  which  lie  on  the  dorsum 
of  the  penis,  and  then  turn  outwards  to 
end  in  the  superficial  inguinal  glands. 

The  corpora  cavernosa  penis  form 
the  principal  part  of  this  organ.  They  are 
two  cylindrical  bodies  placed  side  by  side, 
flattened  on  their  median  aspects,  and 
closely  united  ami  in  part  blended  together 
along  the  middle  line  in  the  anterior  three- 
f'JP'   <-/  «■      c     a    ^^Qfck  fourths  of   their  length;    wlnl-i  al  tie-  back 

part,    below    the    symphysis    pubis,     they 
separate  from  each   other  in   the   form    of 
two   bulging   and  then   tapering   processes. 
named  crura,  which,   extending   backwards, 
are    attached    to    the    pubic     and    ischial 
rami,    and    are    invested   by    the    erectores 
penis    or    ischio-cavernosi     muscles.        The 
enlarged    portions  at  the   root,    named   by 
Kobelt    the    bulbs  of  the  corpora   cavernosa, 
attain  a  much  greater  proportionate  develop- 
ment   in    some   quadrupeds  than    in    man. 
in    front,    the    corpora    cavernosa     are     closely    bound    together    into    a     blunt 
conical  extremity,  which  is  covered  by  the  glans  penis  and  firmly  connected  to 
its  base  by  fibrous  tissue. 

The  under-surface  of  the  united  cavernous  bodies  is  marked  by  a  longitudinal 

groove,  in  which  is  lodged  the  corpus  cavernosum  urethra'.     The  upper  or  anterior 

surface  is  also  marked  with  a  slight  median  groove  in  which   the  dorsal  vein  of 

the  penis  is  situated,  and  near  the  root  is  attached  to  the  pubes  by  the  suspensory 

Lent. 

Structure.     The  median  septum  (septum  penis)  between  the  two  corpora 

thick  and  complete  near  the  root  of  the  penis;    but  farther  forward 

i thinner,  and  onlv  imperfectly  separates  their  cavities  ;  for  it  exhibits — 

ularly  toward-  the  anterior  extremity — numerous  clefts,  extending  from  the 

thral  edge,  and  admitting  of  a  free  communication  between  the 

of  the  i  wo  sides.      From  the  direction  of  these  slits,  the  intermediate 

tions  of  the  septum  resemble  Bomewhal  the  teeth  of  a  comb,  and  hence 

■ :  •  tion  has  re<  eived  t  he  name  of  septum  pectiniforme. 


Fig.  234.     Root  oi    phi  penis  attached  to 

TIIK     ItVMI    of   THE    PUBES     \\l>    ISdillM. 

Two-thirds  natural  size,     i  Kobelt.  I 

a.  a.  bulbo-cavernosus  muscle  covering  the 

Imlli  oi  the  urethra,  \wtli  at  e.  posteriorly,  a 
median  notch  ;  //.  b,  anterior  slips  of  the 
bulbo-cavernosus  muscle  passim;  round  the 
sides     ot    thl     corpora    cavernosa    penis;    r,    c, 

crura  oi  the  penis,  with  an  oval  dilatation  of 
bulb  ol  the  corpus  cavernosum  penis;    d,  d. 
ischio-cavernosi  or  erectores    penis    muscles; 
pus  cavernosum  urethra;. 
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The  tunica  albuginea — the  external  fibrous  investment  of  the  cavernous 
structure — is  white  and  dense,  from  one  to  two  millimetres  thick,  and  very  strong 
and  elastic.  It  is  composed  for  the  most  part  of  longitudinal  bundles  of  shilling 
white  fibres,  with  numerous  well-developed  elastic  fibres,  enclosing  the  two 
corpora  cavernosa  in  a  common  covering  ;  and  internal  to  this,  each  corpus 
cavernosum  is  surrounded  by  a  layer  of  circular  fibres,  which  enter  into  the 
formation  of  the  septum. 

From  the  interior  of  the  fibrous  envelope,  and  from  the  sides  of  the  septum, 
numerous  lamellse,  bands,  and 
cords  —  composed  of  fibrous, 
elastic  and  plain  muscular 
tissue,  and  named  trabecules — 
pass  inwards,  and  run  through 
and  across  the  cavity  in  all 
directions,  thus  subdividing 
it  into  a  multitude  of  inter- 
stices, and  giving  the  entire 
structure  a  spongy  character. 

The  trabecular,  whether 
lamelliform  or  cord-like,  are 
larger  and  stronger  near  the 
circumference  than  along  the 
centre  of  each  cavernous  body, 
and  they  also  become  gradually 
thicker  towards  the  crura.  The 
interspaces,  conversely,  are 
larger  in  the  middle  than  near 
the  surface  ;  their  long  diameter 
is,  in  the  latter  situation,  placed 
transversely  to  that  of  the  penis, 
and  they  become  larger  towards 
the  fore-part  of  the  penis.  They 
are  occupied  by  venous  blood, 
being  in  reality  large  cavernous 
veins,  and  are  lined  by  a  layer 
of  flattened  epithelium  similar 
to  that  lining  other  veins. 

The  intertrabecular  spaces 
thus  form  a  labyrinth  of  inter- 
communicating venous  areolae, 
divided  by  the  trabecular  tissue, 
and   opening    freely  from   one 

corpus  cavernosum  to  the  other  through  the  septum— especially  in  front.  The  blood  is 
carried  away  from  these  spaces  by  the  dorsal  vein,  which  ends  in  the  prostatic  plexus, 
and  the  profunda  veins,  which  are  tributaries  of  the  hypogastric  veins.  The  arteries 
of  the  corpora  cavernosa  are  the  two  terminal  branches  of  the  internal  pudendals  : 
namelv,  the  dorsal  and  profunda  branches  of  the  penis,  which  pierce  the  tunica 
albuginea  to  reach  the  cavernous  tissue.  AVithin  this  tissue,  the  numerous  branches 
of  arteries  are  supported  by  the  trabecular,  in  the  middle  of  which  they  run,  and 
terminate  in  branches  of  capillary  minuteness,  which  open  into  the  intertrabecular 
spaces  ;  some  of  the  arterial  twigs  project  into  the  spaces  and  form  peculiar  curling 
and  somewhat  dilated  vessels,  which  were  named  by  J.   Miiller.   helicine  arteries. 
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Fig.  235. — Transverse  section  passing  from  above  down- 
wards AND  BACKWARDS    THROUGH  PUBIC   SYMPHYSIS,  ROOT 

of    penis,     and     skin     of     perineum.       Natural     size. 

(J.  Symington.) 
p.s.,  pubic  symphysis  ;  LB.,  inferior  ramus  of  pubis  (the 
ramus  of  the  ischium  and  the  ischial  tuberosity  are  posterior  to 
the  plane  of  this  section)  ;  c.p..  crus  penis  ;  B.,  bulb  of  corpus 
cavernosum  urethra  ;  i.e.,  ischio-cavemosus  muscle ;  B.C., 
bulbo-cavernosus  muscle  ;  P. v..  superficial  perineal  vessels  and 
nerves  ;  s.  of  r.,  skin  of  perineum  ;  D.V.,  dorsal  vein  of  penis 
witli  an  artery  and  a  nerve  on  each  side. 
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These  are  usually  bound  down  by  small  fibrous  bands,  and  it  appears  to  be  due 
bo  this  circumstance  that  these  projecting  vessels  acquire  a  looped  or  tortuous 
act  when  distended  with  injection. 


va.  n 
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Fig.  238. 

I'm;.  236.  -  Tkan>\  i  BSE  ,-KCTION  OF  Tin:  GLANS  PENIS   is    \    DISTENDED  STATE,  12  MM.   BEHIND  THE  MEATUS. 

(J.  Symington.) 

1,  glans  penis  ;   2.  prepuce  ;   3,  urethra  ;   4,  frrenum  of  the  prepuce. 

17.       'I'll  VSSVEKSE  SECTION  OF   THE  GLANS  PENIS   IN  A  DISTENDED   STATE,  20   MM.   BEHIND    THE    MEATDS. 

(J.  Symington.) 
1 ,  glans  penis  ;  2,  prepuce  ;  3,  urethra  ;  5,  corpus  cavernosum  urothr.-e  ;  6,  corpus  cavernosum  penis. 

I  i..  238.     Tb  LNSVEBSE  section  of  the  body  of  the  penis  in  the  distended  state.     (Altered  from  Hcnle.) 

The  outer  outline  indicates  the  integument  surrounding  the  deeper  parts  ;  the  erectile  tissues  of  the  corpora 
.  ivernosa  and  the  septum  pectiniforme  are  shown  in  section  ;  u,  placed  on  the  section  of  the  spongy  body, 
below  the  urethra  ;  v,  the  single  dorsal  vein  ;  a,  the  dorsal  artery,  and  n,  the  nerve  of  one  side. 

The  helicine  arteries  are  most  abundant  in  the  posterior  part  of  the  corpora 
cavernosa  penis,  and  are  found  in  the  corresponding  part  of  the  corpus  cavernosum 
urethras  also;  but  they  have  not  been  seen  in  the  glans  penis.     They  are  more 
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•   HON    OF    ERECTDLE    TISSUE   OF    PENIS    IS     \     SON-DISTENDED    CONDITION.       (Cadiat.) 

•ive  tissue  with  many  elastic  fibres  anil  bundles  of  plain  muscular  tissue  cut  across 
I  '.ices. 


Q  the  hum. ni  subject  than  in  animals,  where  they  are  often  absent.     Small 
bra?,  ss  from  them  to  supply  1  lie  tissue  of  the  enclosing  sheath. 

•  l'li t  i < m  to  the  blood  which  passes  into  the  venous  spaces  from  the  capillary 
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network  of  the  sheath  and  trabecule,  some  small  arteries  are  said  by  C.  Langer  to 
open  directly  into  the  larger  venous  spaces. 

Many  of  the  small  arteries  present  localised  thickenings  of  the  tunica  intima 
(Intimapolster  of  Eberth),  which  by  contraction  of  the  circular  muscular  fibres  can 
obliterate  the  lumen  of  the  vessels. 

The  corpus  cavernosum  urethrae  is  usually  described  as  surrounding  the 
whole  of  the  penile  portion  of  the  urethra,  and  presenting  a  posterior  and  an  anterior 
dilatation  known    respectively 

as  the  bulbus  ureihrce  and  the  3 

glans  penis.  The  bulb  lies 
below  the  fascia  diaphragmatis 
urogenitalis  inferior,  where  it 
is  placed  between  the  diverging 
crura  of  the  corpora  cavernosa 
penis.  Its  free,  rounded  pos- 
terior extremity  reaches  back- 
wards beyond  the  urethra  to 
within  about  2  cm.  of  the 
lumen  of  the  anal  canal,  and 
the  bulb  also  bulges  down- 
wards below  the  urethra  towards 
the  skin  of  the  perineum.  The 
size  of  the  bulb  varies  according 
to  the  amount  of  blood  in  its 
cavernous  spaces ;  but,  on  an 
average,  it  has  a  transverse 
diameter  of  2-5  cm.  and  a 
vertical  of  2  cm.  (see  fig.  243). 

Its  length  cannot  accurately  be  determined  because  it  gradually  diminishes  in 
size  as  it  passes  forwards,  but  it  does  not  gain  the  ordinary  dimensions  of  its 
middle  part  until  about  3  cm.  from  its  posterior  free  end. 

It  receives  a  thin  investment  from  the  fascia  on  which  it  rests,  and  is  embraced 
by  the  ejaculator  urinse,  or  bulbo-cavernosus  muscle.  The  posterior  extremity  of 
the  bulb  exhibits,  more  or  less  distinctly,  a  subdivision  into  two  lateral  portions  or 
lobes,  separated  by  a  slight  furrow  on  the  lower  surface,  and  by  a  slender  fibrous 
partition  within,  which  extends  for  a  short  distance  forwards  ;  in  early  infancy 
this  is  more  marked.  It  is  above  this  part  that  the  urethra,  having  pierced  the 
inferior  fascia,  enters  the  bulb,  surrounded  obliquely  by  a  portion  of  the  cavernous 
tissue,  named  by  Kobelt  the  colliculus  bulbi;  from  which  a  layer  of  venous 
erectile  tissue  passes  back  upon  the  membranous  and  prostatic  portions  of  the 
urethra  to  the  neck  of  the  bladder,  lying  closely  beneath  the  mucous  membrane. 
At  first,  the  urethra  is  nearer  the  upper  than  the  lower  part  of  its  corpus 
cavernosum,  but  it  gradually  gains,  and  continues  to  occupy,  the  middle  of  that 
body. 

The  part  of  the  corpus  cavernosum  urethrae,  which  lies  between  the  bulb  and 
the  glans,  forms  a  fairly  uniform  cylindrical  investment  for  the  met  lira,  and 
has  a  diameter  of  about  10  mm. 

The  glans  penis  forms  a  conical  mass  with  an  anterior  blunt  apex  and  a  concave 
base,  which  fits  like  a  cap  over  the  anterior  extremities  of  the  corpora  cavernosa 
penis. 

From  the  researches  of  Bitterer  ('  Sur  lo  developpement  du  penis  et  du  clitoris  chez  lea  feel  us 
humains,'  Jour,  de  VAnat.  et  de  la  Phys.,  1892),  Forster  c  Beitrage  zur  Anatomie  der  ausseren 

s  2 


Fig.  240. — Section  op  the  corpus  cavernosum  urethra 

INJECTED   PROM   ITS   ARTERY.      (Henle.) 

1.  fibrous  tunic  of  the  corpus  cavernosum  urethra;  :  2, 
mucous  membrane  of  the  urethra  ;  3,  section  of  a  lacuna  of  the 
mucous  membrane  ;   4,  section  of  an  artery. 
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iii.iiuili.il'  ii  i  lea  alet  atsorgane  dea  Bli  □  i  \n  a,'  '/■  it.  j.  Morph.,  Bd.  \i..  1903),  and  Lichtenb  rg 

!'.•  Iti  ige  /hi  Eifltologie, mikroskopischen Anatomic  and  Entwickelungsgeschichte  dea  Qrogeni- 

talkanala  dea  Menschen  and   Beiner    Driisen,'     [not.    Hefte,  Heft   93,  ]!K)ii)  there  appear  to 

ma  tor  describing  the  cavernous  tissue  <>f  the  glans  as  the  corpus  cavernosum 

glandis    rather  than  ;i<  n   pari  of    the  corpus    cavemosurfi    urethra.     It    is    dew-loped    as    an 

independent   structure,  and   it <  cavernous  tissue  becomes  connected  with  that  of  the  corpus 

rnoaum  urethras  l>v  dilated  \.  ins  and  not  by  direct  continuity  of  cavernous  tissue. 

Structure.  This  is  essentially  the  same  as  that  of  the  corpora  cavernosa 
penis,  bul  wit  li  a  much  Less  developed  fibrous  framework.  Like  the  penile  port  inn. 
it  is  distended  with  blood  during  erection,  but  it  never  acquires  the  same  rigidity; 
the  fibrous  tunic  (fig.  240,  1)  is  much  thinner,  is  less  white  in  colour,  and  contains 
more  I  lastic  tissue  :  the  1  rahecube  are  liner  and  more  equal  in  size  :  the  areola'  are 
smaller,  more  uniform,  and  directed  for  the  most  part  with  their  long  diameter  in 
the  line  of  that  of  the  penis  ;  in  the  glans,  the  meshes  are  smallest  and  most  uniform. 
Plain  muscular  fibres  immediately  surround  the  canal  of  the  urethra,  and  also  form 
part  of  t  he  external  coat  of  t  he  cavernous  substance. 

Blood-vessels.  -Arteries. — A  considerable  artery,  derived  from  the  inU  rnal 
pudt  tidal,  enters  the  bulb  on  each  side,  and  supplies  the  greater  part  of  the  cavernous 
body,  sending  branches  as  far  as  the  glans  penis,  but  this  part  is  chiefly  supplied  by 
branches  from  the  arteria  dorsalis.  Besides  these,  there  is  another,  but  much  smaller, 
branch  of  the  pudendal  artery,  entering  the  bulb  on  the  upper  surface,  about  an  inch 
from  its  posterior  e\t  remit  v.  and  running  forwards  in  the  corpus  cavernosum  to  the 
glans  (  Kolielt ).  The  arteries  open  into  the  venous  spaces  chiefly,  if  not  entirely,  by 
the  intervention  of  capillaries.  Veins  issue  from  the  glans  and  adjoining  part  of 
t  he  spongy  body,  to  end  in  the  vena  dorsalis  penis ;  those  of  the  rest  of  the  cavernous 
body  for  the  most  part  pass  backwards  through  the  bulb,  and  end  in  the  prostatic 
and  pudt  nihil  venous  plexuses  ;  some  emerge  from  beneath  the  corpora  cavernosa 
penis,  anastomose  with  their  veins,  and  end  partly  in  the  cutaneous  veins  of  the 
p<  ,,,<  and  semi  mi,,  and  partly  in  the  obturator  veins. 

The  lymphatics  of  the  cavernous  tissue  are  described  as  issuing  from  the 
cavernous  bodies  and  passing  under  the  pubic  arch  with  the  deep  veins,  but  their 
termination  is  not  known. 

The  nerves  of  the  erectile  parts  of  the  penis  accompany  the  blood-vessels,  and 
r|  of  both  vasodilator  and  vaso-constrictor  fibres.  They  come  from  both 
lumbar  and  sacral  nerves.  The  exact  path,  in  the  human  subject,  of  the  fibres 
corresponding  to  the  nervus  erigens  (vaso-dilator)  of  the  penis  of  the  dog  is  not 
known,  hut  they  arise  from  the  sacral  spinal  nerves — probably  the  third  and 
fourth. 

I'llKTHKA    VIRILIS. 

The  male  urethra  extends  from  the  neck  of  the  bladder  to  the  extremity  of  the 

lis  total  Length  when  moderately  stretched  is  about  20  cm.,  but  it  varies 

th  the  Length  of  the  penis,  and  the  condition  of  that  organ.     Except  during  the 

■•'■  of  unne  or  semen,  the  walls  of  the  canal  are  in  close  apposition,  the  outline 

■  urethral  clefl  being  vertical  in  the  glans  penis,  transverse  in  the  body  of  the 

I  crescentic  aboul  the  middle  of  the  prostatic  part.     Its  diameter  when 

uoderately  distended  differs  at  differenl  parts,  as  will  be  stated  more  particularly 

The  tube  consists  of  a  continuous  mucous  membrane,  supported  by  an 

ibmucous  tissue,  connecting  it  with  the  several  parts  through  which 

The  urethra  may  be  divided  into  two  parts  :    a  urinary  and  a  urogenital. 

y  portion  is  aboul   I "5  cm.  to  2  cm.  in  length,  extends  from  the  vesical 

! penings  of  the  common  ejaculatory  ducts,  and  is  formed  from  the 
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caudal  part  of  the  endoderrnal  sinus  urogenitalis.  The  urogenital  part,  as  its 
name  implies,  serves  as  a  channel  for  both  the  urine  and  the  spermatic  fluid.  It 
comprises  the  remaining  and  much  the  longer  division  of  the  urethra,  and  is  derived 


Fig.  241. — Median  section  of  the  male  pelvis  ami  dkethra.     Three-fifths  natural  size.     (J.Symington.) 

bl.,  bladder ;   p.s.,  pubic   symphysis;    v,  v.    prostate;    bu.,   bulb  of   corpus  cavernosum  urethrse ;    m, 
membranous  portion  of  urethra  ;  s.  cavernous  portion  ;  a,  gbms  penis.     For  other  references,  see  fig.  US. 
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from  the  ectodermal  sinus  urogenitalis.  The  urethra  may  also  be  divided,  according 

to  its  position,  into  pelvic, 
diaphragmatic,  perineal,  and 
penile  :  hut  more  commonly, 
its  divisions  are  based  upon 
its  relations  to  the  surround- 
ing structures,  and  comprise 
intramural,  prostatic, 
membranous,  and  caver- 
nous portions. 

The  intramural  por- 
tion traverses  the  wall  of  the 
bladder,  and  is  surrounded 
by  the  >]>liincter  vesica'  in- 
ternus  of  Henle,  or  sphincter 
urethrse  laevis  of  Waldeyer — 
a  muscle  formed  by  the  deep 
fibres  of  the  trigone  of  the 
bladder,  which  pass  forwards 
on  each  side  of  the  urethra 
and  unite  in  front  of  it. 
These  fibres  run  obliquely 
from  behind  forwards  and 
downwards,  so  that  they 
unite  anteriorly  somewhat 
below  the  internal  orifice  of 
the  urethra,  which  is  bounded 
in  front  above  the  sphincter 
by  the  circular  fibres  of  the 
bladder.  "When  the  bladder 
is  contracted,  this  portion 
of  the  urethra  is  about  1  cm. 
long,  but  its  length  is  di- 
minished by  distension  of  the 
bladder. 

Opinions  differ  as  to'the  ca- 
pacity of  the  internal  sphincter. 
According  to  Finger  {Alleg. 
Wiener  med.  Zeitsch.,  1893).  it 
can  withstand  the  pressure  of  a 
moderate  amount  of  urine,  but 
when  the  Madder  becomes  fully 
distended  it  yields,  and  a  funnel- 
shaped  dilatation  of  the  urethra 
is  formed,  the  base  of  which  is 
continuous  with  the  cavity  of  the 
bladder,  and  the  apex  is  near  the 
lower  end  of  the  prostate,  where 
the  external  vesical  sphincter 
begins.  This  view  is  contrary 
to  the  experience  cf  anatomists, 
who  often  meet  with  cases  of 
considerable  distension  of  the 
ind  il  i-  not  supported  by  the  experiments  of  Leedham- 
ical   Sphincter  and   the  Mechanism  of  the*  Closure  of  the  Bladder,'  Brit. 


KlG.   24'2. -  'I'm.    LOW]  B    PABTOFTHE  BLADDER   AM)  THE  PROSTATIC. 
MK.MI'.l'.Wcil'S,    AMI    BULBOUS  PARTS  OP    THE    URETHRA   OPENED 

from  above.     (All.  n  Thomson.) 

A  portion  of  the  wall  of  the  bladder  and  the  anterior  part  of 

the  |  1  have  been  removed,  the  corpora  cavernosa  penis 

•i  [mrateil  m  the  mi. Idle  line  and  tinned  to  the  side,  and 

the  urethra  lias  been  slit  up  ;  the  bull,  is  left  entire  helow,  and  upon 

and   behind   it  -  Is  of  I  owper  with  their  duets  have  been 

'   placed  in  the  middle  oi  the  trigonum  vesica";  u,  u, 

thi    ureters;  from  these  an  elevation  of  the  wall 

)i..\\  u  running  down  to  u  it,  the  u\  ula  vesicae  ;  I,  the 

I  muscular  fibres  of  the  bladder  passing  down  upon  the 

ironlar  fibres  of  the  sphincter ;  j>,  the  glandular 

/.',  tho  prostatic  portion  of  the  urethra  ;  from 

uvula,  vesica  an  i    seen  di     .  n.ling  to  the  colliculus 

i-  in  which  a  indii  opening  of  the  prostatic  utricle, 

E  theejacul  ■><>",  dm  I  -  ;   m,  the  commencement 

the  urethra ;  6,  the  bulb  of  the  corpus 

V,  the  bulbous  part  of  the  urethra;   c,  one 

e  d,  course  and  orifice  oi  it-  duct  lying 

dp     r,     forward  between  the  i  avernous  body 

OS  ;     c   c,  en.-    of   the   corpora 
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Med.  Jour.,  April   11,  1906),  who  injected   the   bladder  during   life  with  a  fluid  containing 
bismuth,  and  then  radiographed  the  pelvis. 

1.  The  prostatic  portion  is  the  part  which  passes  through  the  prostate  gland. 
It  is  about  2 '5  cm.  in  length,  and  is  the  widest  and  most  dilatable  part  of  the  canal 
— especially  in  its  middle  portion.     Its  direction  is  vertical,  or  nearly  so.     The  trans- 


Bladder 


—Trigonum  vesicae 

Obturator  internum  muscle 
Intramural  ■portion  of  urethra 
Prostatic  plexus  of  veins 

Prostate 

Collicidus  seminalis 
Pubo-anal  portion  of 

levator  a  hi 
Membranous  portion 

of  urethra 
Diaphragma  urogt  n  italis 

Ischio-cavt  rnosus  rmisclc 

Biilbus  urethrce 
Bulbo-cavcrnosus  muscle 


Fig.  243. — Coronal  section  of  the  pelvis  of  a  man,  aged  forty  years,  passing  through  the 

intramural,  prostatic,  and  membranous  portions  of  the  urethra. 

Natural  size.     (J.  Symington.) 

The  muscular  and  connective  tissue  helow  the  prostate  and  pubo-anal  portions  of  the  levatores  ani  and 
above  the  bulbus  urethra;  and  the  isehio-cavernosi  muscles  form  the  diaphragma  uiogenitalis.  This  diaphragm 
is  bounded  below  by  the  inferior  fascia  and  above  by  the  superior  fascia,  and  is  traversed  by  the  membranous 
portion  of  the  urethra  and  by  the  pudendal  blood-vessels  and  nerves. 


verse  section  of  the  urethra,  as  it  lies  in  the  prostate,  is  curved  with  the  convexity 
forwards.  The  colliculus  seminalis  (caput  gallinagmis  or  verumontanum)  is  a  narrow 
median  ridge  about  15  mm.  long,  and  measuring  in  its  greatesl  b.eigh.1  about  -r)  mm., 
which  projects  from  its  posterior  wall.  This  ridge  rises  into  a  peak  and  sinks  down 
at  its  two  extremities,  the  upper  of  which  may  be  continuous  wil  h  1  lie  uvula  vesica' 
at  the  opening  into  the  bladder.  It  is  formed  by  an  elevation  oi  the  mucous 
membrane  and  subjacent  tissue. 
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Fig.  244. — Horizontal  section  of  male  pelvis  passing  through  the  intramural  portion  of  the 
i  ui.thka.     The  rectum  was  distended  with  feces.      Natural  size.      (J.  Symington.) 

P.S.,  pubic  symphysis ;  0.1.,  obturator  interims  muscle;  l.a.,  levator  ani  muscle;  p.v.,  prostatic  plexus 
oi  veins;  1.  retro-pubic  pad  of  fat;  u,  behind  urethra;  R,  anterior  wall  of  rectum  ;  V.D.,  ductus  deferens  ; 
^.\ ..  seminal  vesicle. 
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I  \L    SECTION    THROUGH    THE    PROSTATE,    OPPOSITE    Till     OPENINGS    OF    THE    UTRICLE    AND 
LATOKY  DUCTS  INTO  tiik   i  n  nn;\.      Natural   size.      (J.   Symington.) 
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On  each  side  of  this  ridge,  the  surface  is  slightly  depressed,  so  as  to  form 
a  longitudinal  groove,  named  the  prostatic  sinus,  the  floor  of  which  is  pierced  by 
numerous  foramina,  the  orifices  of  the  prostatic  ducts.  Through  these,  a  viscid 
fluid  oozes  out  on  pressure  ;  the  ducts  of  the  middle  lobe  open  above  the  urethral 
crest,  and  some  others  open  below  it. 

In  1830.  E.  H.  Weber  advanced  the  theory  that  the  eolliculus  seminalis  by  its  erection  during 
the  ejaculation  of  the  semen  prevented  this  fluid  from  passing  backwards  into  the  bladder,  and 
this  view  as  to  its  function  is  still  prevalent ;  but  there  is  little  or  no  cavernous  tissue  in  the 
eolliculus,  and  the  other  anatomical  relations  are  not  such  as  to  facilitate  this  action.  The  semen 
is  probably  prevented  from  passing  backwards  into  the  urethra  by  the  sphincter  vesica?  muscle 
(see  G.  Walker,  '  Beitrag  zur  Kenntniss  der  Anatomie  und  Physiologie  der  Prostata  nebst 
Bemerkungen  iiber  den  Vorgang  der  Ejaculation,'  Arch.  f.  Anat..  1899). 

Utriculus  prostaticus. — At  the  fore-part  of  the  most  elevated  portion  of  the 
crest,  and  exactly  in  the  middle  line,  is  the  orifice  of  a  blind  recess,  upon  or  within 
the  lateral  margins  of  which  are  placed  the  slit-like  openings  of  the  common  seminal 
or  ejaculatory  ducts,  one  at  each  side.  This  median  opening  leads  into  the  utriculus 
■prostaticus,  which  has  been  named  also  sinus  pocularis  and  uterus  masculinus.  It 
was  first  described  by  Morgagni,  and  corresponds  to  the  vagina  and  uterus  in  the 
female,  its  prominent  lateral  lips  being  supposed  to  represent  the  hymen. 

The  utricle  (see  fig.  245)  forms  a  cul-de-sac,  running  upwards  or  backwards,  for  a 
distance  of  6  mm.  to  12  mm.  Its  orifice  forms  a  longitudinal  cleft  about  2  mm.  or 
3  mm.  in  length  ;  but  the  utricle  increases  somewhat  in  diameter  towards  its  farther 
end  or  fundus.  The  narrow  portion  runs  in  the  urethral  crest,  and  its  fundus  bes 
behind  and  beneath  the  middle  lobe,  and  in  some  cases  reaches  to  the  posterior 
surface  of  the  prostate  gland.  Its  walls  which  are  distinct,  and  of  some  thickness, 
are  composed  of  fibrous  tissue  and  mucous  membrane,  together  with  a  few  muscular 
fibres,  and  enclose  on  each  side  the  ejaculatory  duct ;  numerous  small  ramified 
and  convoluted  glands  open  on  its  inner  surface.  The  epithelium  is  columnar,  and 
is  by  some  authors  stated  to  be  ciliated.  There  are  small  glands  opening  into  its 
cavity  near  its  entrance  into  the  urethra. 

While  the  two  Mullerian  ducts  normally  atrophy  in  the  male,  and  their  fused  caudal  ends 
are  represented  merely  by  the  utricle,  a  number  of  cases  have  been  recorded  in  which  these 
ducts  undergo  a  marked  development  and  unite  to  form  an  organ  which  exhibits  a  distinct 
division  into  uterus  and  vagina.  The  uterus  may  be  as  large  as  in  the  adult  female,  and 
differentiated  into  a  body  and  a  cervix — the  latter  having  a  well-marked  arbor  vitse,  while 
the  vagina  is  provided  with  rugous  wails.  In  these  cases,  the  uterus  projects  into  the  pelvic 
cavity  between  the  bladder  and  the  rectum,  and  has  a  broad  ligament.  The  uterus  is  often 
two-horned,  but  the  tubre  uterinae  are  nearly  always  very  rudimentary.  The  external  genitals 
may  be  of  the  normal  male  type,  so  that  the  condition  may  not  be  discovered  except  during 
an  operation  or  in  the  post-mortem  room. 

2.  The  membraneous  portion  of  the  urethra  comprises  the  part  between  the 
apex  of  the  prostate  and  the  bulb  of  the  corpus  cavernosum  urethras.  It  is  termed 
by  Waldeyer  the  pars  trigonalis,  as  it  lies  in  the  trigonum  urogenitale  of  the  pelvic 
floor.  It  is  about  1  cm.  in  length,  and  its  lining  membrane  is  thrown  into  numerous 
longitudinal  folds  when  its  lumen  is  closed.  It  is  directed  downwards  and  slightly 
forwards  beneath  the  pubic  arch,  the  anterior  slightly  concave  surface  being 
distant  about  2  cm.  from  the  pubic  symphysis,  leaving  an  interval  occupied  by  the 
dorsal  vessels  and  nerves  of  the  penis,  by  areolar  tissue,  and  muscular  fibres.  Its 
posterior  convex  surface  is  turned  towards  the  rectum,  and  is  related  to  I  lie  bulbo- 
urethral or  Cowper's  glands.  Above,  is  the  prostate  and  the  superior  fascia  of  the 
urogenital  diaphragm  and  below  the  inferior  fascia  separating  it  from  the  bulb 
(see  fig.  2-13).     Its  lower  end,  where  it  pierces  the  inferior  fascia,  is  the  narrowest 
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and  Leas!  dilatable  part  of  the  urethra.  Outside  the  submucous  coat,  there  are  non- 
striped  muscular  fibres,  consisting  of  internal  longitudinal  and  external  circular  fibres. 
These  fibres  are  continuous  above  with  those  of  the  prostate,  aud  below  end 
mainly  in  the  framework  ol  the  bulb.  Continuous  with  the  outer  aspect  of  the 
Qon-Btriped  fibres  is  the  deep  transverse  perineal  muscle,  which  is  striated,  and 
forms  the  sphincter  urethra  Btriatus  of  Waldeyer. 

3.  Tli.'  cavernous  portion  <>f  the  mvthra,  by  far  the  longest  and  most  variable 
in  length  and  direction,  includes  the  remainder  of  the  canal,  or  that  part  which  is 
surrounded  by  the  erectile  tissue  of  the  corpus  cavernosum  urethra.  Its  length  is 
aboul  L5  cm.,  and  it  extends  from  the  urogenital  diaphragm  to  the  orificium 
urethra  externum.  The  direction  of  the  cavernous  portion  of  the  urethra  varies 
in  different  parts  of  its  course,  and  under  different  conditions.  Thus  it  inclines 
forwards  and  downwards  for  a  short  distance  above  the  bulb,  and  then  turns 
forwards  and  somewhat  upwards  to  about  the  middle  of  its  length,  where  in  the 
flaccid  condition  of  the  penis  it  usually  bends  sharply  downwards  to  the  external 
orifice  (see  fig.  -Ml).  During  erection  of  the  penis,  or  when  this  organ  is  drawn 
forwards,  as  in  passing  a  catheter,  this  temporary  curve  is  obliterated,  and  the 
cavernous  part  is  straight  from  the  external  orifice  to  the  neighbourhood  of  the 
bulb.  The  part  contained  within  the  bulb— sometimes  distinguished  as  the 
bulbous  portion,  or  sinus— is  somewhat  dilated.  The  succeeding  portion,  as  far  as 
the  glans,  is  of  uniform  diameter,  being  intermediate  in  this  respect  between  the 
bulbous  and  membranous  portions.  The  cross-section  of  its  canal  appears  like  a 
transverse  slit.  The  canal  of  the  urethra  in  the  glans  has,  on  the  contrary,  when 
seen  in  a  cross-section,  the  form  of  a  vertical  slit  ;  in  this  part,  which  is  about 
1  cm.  in  length,  the  canal  is  again  dilated,  forming  what  is  named  the  fossa 
navicularis. 

Lastly,  at  its  orifice— which  is  a  vertical  fissure  5  mm.  to  6  mm.  in  extent,  and 
bounded  by  two  small  lips— the  urethra  is  again  contracted.  From  the  resistant 
nature  of  the  tissues  at  its  margin,  this  opening  does  not  admit  so  large  a  sound 
or  catheter  as  the  other  parts  of  the  urethra,  with  the  exception  of  the  junction 
of  the  bulbous  and  membranous  portions. 

The  corpus  cavernosum  urethra'  which  surrounds  this  part  of  the  urethra  has 
been  described  in  the  account  of  the  anatomy  of  the  penis.  Between  this  body  and 
the  mucous  membrane  there  are  a  few  scattered  muscular  fibres. 

The  mucous  membrane  of  the  urethra  is  lined  by  several  layers  of  epithelium, 
which  varies  in  different  parts  of  the  urethra  (see  Vol.  II.,  Pt.  1).  The  epithelium 
rests  on  a  basement  membrane.  Outside  the  mucous  membrane,  there  is  a  layer 
of  convoluted  vascular  tissue;  and  external  to  this  structure,  from  the  internal 
onfice  to  the  bulb,  is  a  double  layer  of  plain  muscular  fibres,  the  inner  disposed 
longitudinally  and  the  outer  circularly. 

As  already  mentioned,  fche  muscular  fibres  surrounding  the  urethra  are  collected  in  two 
situations,  sons  to  form  sphincters:  namely,  in  the  intramural  and  membranous  portions ; 
and  the  expei  m   cons  in  cases  of  removal  of  the  prostate  tends  to  show  that  either 

phincter  and  prevenl  incontinence  of  urine. 

The  whole  lining  membrane  of  the  urethra,  except  near  the  external  orifice,  is 

besel  with    mall  racemose  mucous  glands  and  follicles,  commonly  named  the  glands 

of  Littre,  the  ducts  of  which  pass  obliquely  forwards  through  the  membrane.     They 

' id  in  the  extent  to  which  their  cavities  are  ramified  and  saccu- 

•     iniple.    Besides  these,  there  are  larger  recesses  or  lacuna, 

I  by  oblique  orifices  turned  forwards,  or  down  the  canal.     These  are  most 
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abundant  along  the  roof  of  the  urethra,  especially  in  its  bulbous  part.  One  large 
and  conspicuous  recess,  situated  on  the  upper  surface  of  the  posterior  part  of  the 
fossa  navicularis,  is  named  the  lacuna  magna  or  sinus  of  Guerin.  A  median  fold  of 
the  mucous  membrane  separating  this  lacuna  from  the  lumen  of  the  urethra  has 
been  named  the  valve  of  the  fossa  navicularis. 

Stratified  concrements,  like  those  met  with  in  the  prostate  are  also  found  in  old  subjects  in 
the  glandular  recesses  of  the  urethra  (Robin  and  Cadiat). 

Curvature  of  the  urethra. — The  urethra  forms  a  somewhat  S-shaped  curve 
in  the  flaccid  state  of  the  penis.  The  anterior  curve  is  due  to  the  pendent  position 
of  the  penis,  and  can  readily  be  obliterated  by  drawing  this  organ  upwards  and 
forwards.  The  posterior  curve  has  its  convexity  directed  backwards  and  down- 
wards, and  it  is  often  described  as  the  pars  fixa  urethra?,  although  it  can  be  obliterated 
without  any  permanent  injury — as  in  the  passage  of  a  straight  catheter  into  the 
bladder.  It  owes  its  usual  fixation  mainly  to  its  connexions  with  the  pelvis  through 
the  pubo-prostatic  ligaments,  the  superior  and  inferior  fascia?  of  the  urogenital 
diaphragm,  and  the  suspensory  ligament  of  the  penis.  The  most  fixed  part  of  the 
curve  is  where  the  urethra  traverses  the  urogenital  diaphragm,  i.e.  the  membranous 
portion.  The  urethra  above  this  diaphragm  (prostatic  and  intramural  portions),  and 
that  part  situated  below  and  in  front  of  the  perineal  division  of  pars  cavernosa 
urethra?,  are  more  subject  to  variations  in  position  :  the  former  according  to  the 
condition  of  the  bladder  and  rectum,  and  the  latter  on  the  amount  of  fat  in  the 
mons  pubis  and  the  condition  of  the  suspensory  ligament.  A  distension  of  the 
rectum  pushes  the  prostatic  urethra  forwards  and  upwards ;  while  with  a  distended 
bladder  and  an  empty  rectum,  the  urethra  is  moved  downwards  and  backwards 
and  also  shortened.  In  thin  subjects,  the  anterior  limb  of  the  pars  fixa  is  not  carried 
so  far  forwards  in  thin  as  in  stout  individuals  (compare  figs.  210  and  211). 

Traced  from  the  front,  the  pars  fixa  of  the  urethra  usually  passes  backwards, 
with  a  slight  inclination  downwards,  until  it  reaches  the  bulb,  which  is  the  most 
dependent  part.  At  the  bulb,  the  urethra  generally  makes  a  rather  sharp  bend 
upwards  before  passing  through  the.  inferior  fascia.  The  membranous  and  prostatic 
portions  of  the  urethra  are  approximately  vertical  in  direction,  but  they  often 
form  a  slight  curve  with  the  convexity  backwards.  Near  the  bladder,  there  is 
sometimes  a  sharp  bend  from  below  upwards  and  forwards — especially  in  cases  of 
enlargement  of  the  middle  lobe  of  the  prostate — so  that  the  point  of  a  catheter 
requires  to  be  tilted  well  forwards  in  order  to  get  it  into  the  bladder.  (For  further 
details  and  references  to  literature,  consult  F.  Merkel,  '  Ueber  die  Kriimmung 
der  Pars  fixa  urethra?,'  Anat.  Anzeig.,  Bd.  xxiii.,  1903.) 

Calibre  of  the  urethra. — As  the  urethra  is  a  closed  tube  with  a  more  or  less 
folded  lining  membrane,  the  calibre  is  indicated  by  the  size  of  the  stream  of  mine 
during  micturition.  The  general  calibre  may  be  estimated  by  the  size  of  catheter 
that  can  be  passed  along  the  urethra  in  the  living  body  without  injury  to  its 
walls ;  and  the  relative  dilatability  of  its  different  parts  can  be  determined  after 
death  by  making  casts  with  fusible  metal.  The  adult  urethra  should  permit  of 
the  passage  of  an  instrument  10  mm.  in  diameter  as  a  maximum.  Eberth 
gives  the  diameter  of  a  metal  cast  as  4-5  mm.  at  the  union  of  the  bulbous  and 
membranous  portions;  at  the  external  orifice,  5  nun.  fco  7  mm.;  in  the 
middle  of  the  prostatic  urethra,  113  mm.:  and  opposite  the  bulb,  16-8  mm. 
The  semen  probably  collects  in  this  dilatation  of  the  bulbus  urethrse  before 
ejaculation. 

Variations   of  penis  and   urethra. — The  prepuce  may  fail,  more  or  Less 
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mpletely,  t..  develop.    In  the  condition  known  as  phimosis,  the  prepuce  cannot 

to  uncover  the  glans.     S< (times  this  is  due  to  the  prepuce 

being  unusually  long  and  the  annulus  prseputialis  contracted;  more  commonly, 
however,  il  arises  Erom  a  persistence  of  the  EetaJ  condition,  when  the  opposing 
Burfaces  "i  the  glands  and  the  prepuce  are  united  by  epithelium.  This  is  often 
described  as  adherenl  prepuce  or  congenital  phimosis  (see  Berry  Hart,  '  On  the 
I:  ile  oi  the  Developing  Epidermis  in  Forming  Sheaths  and  Lumina  to  Organs, 
Illustrated  especially  in  the  Developmenl  of  the  Prepuce  and  Urethra,'  Jour. 
I  U.  and  I'li/s..  vol.  xlii..  October  L907;  and  V.  Wood  Jones,  '  The  Development 
and  Malformations  of  the  Glans  and  Prepuce,5  Brit.  Med.  Jour..  January  15, 
L9H 

There  may  be  a  defective  developmenl  of  the  urethral  wall,  so  that  a  fissure 

snds  backwards  from  the  meatus  along  the  upper  surface  of  the  penis,  giving 

e  to  the  condition  called  epispadias,  or  the  cleft  may  be  on  the  under-surface 

(hypospadias).     In  epispadias,  the  fissure  may  be  limited  to  the  anterior  part  of  the 

penis,  or  extend  alonn  its  whole  length  and  he  combined  with  ectopia  vesicas.     It 

is  supposed  by  some  to  be  due  to  a  rupture  of  the  cloacal  membrane  ;  by  others,  to 

a  persistence  of  the  caudal  end  of  the  primative  groove.     Hypospadias  is  usually 

limited  to  the  glans,  but  may  pass  backwards  on  the  under-surface  of  the  body  of 

the  penis  and  even  reach  the  perineum.     Hypospadias  is  due  to  a  failure  of  uniou  of 

the  two  lips  of  the  median  groove  on  the  under-surface  of  the  genital  tubercle. 

It  it  be  combined  with  a  small  penis  and  a  non-descent  of  the  testes,  the  external 

aitals   may    simulate    those    of   the    female.     In    rare    cases,  epispadias   and 

ispadius  may  b<   combined  and  form  a  cleft  penis. 

Glandulae  bulbo-urethrales    (Coioper's   glands).— These  two    glands    lie 

above  the  posterior  end  of  the  bulb,  from  which  they  are  separated  merely 

by  the   inferior  Eascia  of  the  urogenital   diaphragm.      In  front   of  the  glands 

is    the    membranous    portion    of    the    urethra,   and    their    median    surfaces    are 

almost   in  contact.      The  artery  to  the  bulb  runs  forwards  and  inwards,  being 

external   to,  and   then    below,  the  gland,  and  in  its   course  gives  one  or 

mote  twigs  to  the  gland.     The  fibres  of  the  compressor  urethras  lie  above  and 

behind  it. 

The  gland  is  of  firm  consistence,  of  a  yellowish  colour,  and  is  generally  compared 
in  size  to  a  pea.  In  young  adults,  it  measures  nearly  1  cm.  in  both  the  transverse 
and  antero-posterior  diameters,  and  about  5  mm.  from  above  downwards.  It 
appears  to  atrophy  in  old  age,  and  one  or  both  may  be  absent.  Each  gland  is 
provided  with  a  duct  about  3  cm.  in  length,  which  lies  first  between  the  bulb  and 
the  membranous  urethra,  uexl  in  the  cavernous  substance,  and  then  beneath  the 
mucous   membrane,  and    terminates    in  the   floor  of   the   bulbous   part    of   the 

urethra  by  a  minut dice. 

These   glands  are  compound  racemose,  and  consist  of   several    lobules  held 
her  by  a  firm  investment.     This  latter,  as  well  as  the  walls  of  the  ducts, 
contains  mu  tissue.     The  glands  secrete  a  viscid  fluid — the  use  of  which  is 

iwn. 

■•..illy,  there  is  a  third  glandular  body  in  front  of,  and  between,  Cowper's  glands ;  this 
a  named  the  ant  or  ante-prostalic  gland. 
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'and  (figs.  241,  243,  and  _lo)  is  mi  organ  connected  with  both  the 
uital  ducts,  hut  it  primarily  belong-  to  tin'  latter,  being  one 
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of  the  accessory  male  organs  of  generation.  It  atrophies  in  the  adult  after  the 
testicles  are  excised,  and  when  these  organs  are  removed  in  infancy  it  remains 
undeveloped.  In  animals  it  enlarges,  like  the  testicles,  during  the  breeding 
season. 

It  is  a  firm,  glandular,  and  muscular  body,  comparable  in  size  and  shape  to  a 
chestnut,  situated  in  the  pelvis,  and  traversed  by  the  prostatic  part  of  the  urethra 
and  by  the  common  ejaculatory  ducts.  It  has  a  base,  an  apex,  an  anterior  convex, 
and  a  posterior  flat  surface.  The  base  is  situated  immediately  below  the  neck  of 
the  bladder.  Its  central  portion,  which  surrounds  the  urethra,  is  continuous  with 
the  bladder,  while  the  peripheral  portion  is  separated  from  this  organ  by  a  deep 
groove,  occupied  mainly  by  a  plexus  of  veins.  Dixon  has  shown  that  this  groove  is 
horizontal  posteriorly ;  but  on  each  side  it  slopes  from  behind  forwards  and  down- 
wards. The  apex  rests  on  the  urogenital  diaphragm.  The  posterior  surface  consists 
of  an  upper  and  a  lower  portion,  which  are  separated  from  one  another  near  the 
median  plane  by  the  fissure  containing  the  ejaculatory  ducts.  The  small  upper 
portion  is  in  relation  with  the  ductus  deferentes  and  the  seminal  vesicles,  while  the 
lower  and  larger  portion  is  in  contact  with  the  rectum.  This  lower  part  is  flat  or 
sometimes  concave,  and  is  the  part  of  the  gland  which  can  be  felt  per  rectum. 
The  anterior  surface  is  convex  from  side  to  side,  and  consists  of  two  lateral  portions 
separated  in  front  by  a  rather  ill-defined  anterior  border  or  median  portion.  On 
each  side,  this  surface  is  rounded  and  prominent,  and  covered  by  the  pubo-anal 
part  of  the  levator  ani  muscle,  external  to  which  is  the  obturator  intemus  muscle. 
The  median  part  is  placed  about  10  mm.  to  15  mm.  behind  the  lower  portion  of 
the  pubic  symphysis,  from  which  it  is  separated  by  some  fat,  fascia,  and  a  plexus 
of  veins,  and  the  pubo-prostatic  ligaments.  The  urethra  passes  through  the 
prostate  from  its  base  to  its  apex  in  the  median  plane,  and  rather  nearer  the 
anterior  than  the  posterior  surface,  being  generally  about  6  mm.  from  the  former 
and  nearly  12  mm.  from  the  latter.  The  prostate  is  also  pierced  by  the  two 
common  ejaculatory  ducts,  which  enter  at  a  median  depression  situated  at  the 
upper  part  of  the  posterior  surface,  and,  passing  downwards  and  forwards  in 
close  contact  with  one  another,  open  on  the  posterior  wall  of  the  prostatic  portion 
of  the  urethra.  In  a  median  section  (fig.  241),  the  prostate  is  therefore  seen  to 
be  divisible  into  three  parts  :  one  in  front  and  two  behind  the  urethra.  Of  the 
two  posterior  portions,  one  lies  above  and  in  front,  and  the  other  below  and 
behind,  the  channel  for  the  ejaculatory  ducts. 

The  prostate  is  usually  described  as  consisting  of  three  lobes  :  two  lateral  and  one 
median.  The  lateral  lobes  form  the  great  mass  of  the  gland,  and  are  united  with  one 
another  in  front  of  the  urethra,  and  also  behind  the  urethra,  below  the  ejaculatory 
ducts.  The  middle  lobe  lies  behind  the  upper  portion  of  the  urethra,  below  the  apical 
portion  of  the  trigone  of  the  bladder  and  above  the  common  ejaculatory  ducts.  At 
the  sides,  it  passes  without  any  line  of  demarcation  into  the  lateral  lobes.  This 
part  of  the  prostate  is  of  considerable  surgical  interest  since,  when  enlarged,  it 
may  seriously  interfere  with  micturition.  Its  title  to  be  regarded  as  a  distinct  '  lobe  ' 
is  disputed.  Sometimes  it  projects  backwards,  as  a  rounded  prominence,  between 
the  bladder  and  the  ductus  deferentes ;  but,  according  to  H.  Thompson,  this  only 
occurs  when  it  is  pathologically  enlarged.  According  to  J.  Griffiths,  it  contains,  in 
some  subjects,  glandular  tissue,  and  the  ducts  of  the  glands  are  distinguishable  from 
those  of  the  lateral  lobes  by  opening  on  Hie  posterior  surface  of  the  upper  part  of 
the  prostatic  urethra  in  and  near  the  middle  line.  In  other  cases,  neii  her  glandular 
tissue  nor  ducts  are  present  in  this  position.  The  prostatic  part  of  the  urethra 
receives  not  only  the  openings  of  the  seminal  and  prostatic  duels,  but  also,  as  has 
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already  been  more  particularly  described,  that  of  a  small  l>lin<l  recess,  called  the 
ltd-  utricle,  which  passes  backw  ards  in  close  relat  ion  w  i1  h  t  he  ejaculatory  ducts. 

Size  and  weight.  The  longest  diameter  oi  the  prostate  is  the  transverse. 
which  measures,  near  the  baseoi  the  organ,  about  35  nun.:  its  vertical  extent  is 
aboul  30  mm.,  and  its  antero-posterioi  nearly  20  nun.  These  diameters,  however, 
are  liable  to  aher.it  ion,  according  to  the  condition  of  the  bladder  and  rectum.  Thus 
distension  of  the  Madder  tends  to  diminish  its  vertical  extent,  while  a  dilatation  of 
the  lower  part  oi  the  rectum  will  compress  the  organ  from  before  backwards,  and 
increase  its  vertical  and  transverse  diameters.  Its  average  weight  is  about  20  grms. 
in-. 

Structure.-  The  prostate  gland  is  covered  by  a  strung  layer  of  fascia  forming 
the  sheath  of  the  prostate.  This  sheath  is  a  part  of  what  is  often  termed  the  visceral 
pelvic  fascia.  ( >n  the  lateral  aspect  of  the  prostate  (see  fig.  243),  the  sheath  invests 
veins  lying  in  the  groove  at  the  junction  of  the  prostate  and  bladder,  and  above 
the-..-  veins  it  becomes  continuous  with  the  thinner  fascial  covering  of  the  bladder. 
Externa]  t<>  t  he  lateral  portion  of  the  sheath  is  the  levator  ani.  At  the  apex  of  the 
prostate,  the  sheath  Bends  outwards  a  layer  which  passes  below  and  in  front  of  the 
levator  ani  as  t  he  superior  fascia  of  the  urogenital  diaphragm.  The  sheath  invest  hil; 
the  vesico-prostatic  plexus  of  veins  extends  upwards  and  outwards  on  the  visceral 
surface  of  the  levator  ani.  as  the  lateral  true  ligament  of  the  Madder,  to  the  white 
line  or  arous  tendineus  of  the  pelvic  fascia.  At  the  posterior  part  of  the  lateral 
aspect  <>f  the  prostate,  the  sheath  is  continuous  with  the  fascia  on  the  side  of  the 
red  tun  (see  fig.  245),  and  it  also  extends  inwards,  forming  a  strong  covering  on  the 

erior  surface  of  the  prostate,  and  a  thinner  layer  on  the  front  of  the  rectum. 
This  sheat  h  on  the  back  of  the  prostate  is  continuous  above  with  the  fibrous  invest- 
ment covering  the  ductus  deferentes  and  the  vesicula3  seminales,  while  below  it 
joins  the  superior  fascia.  The  fascial  relations  on  the  front  of  the  prostate  are  more 
complicated.  In  t  he  median  plane,  a  thin  and  on  each  side  a  thicker  band  of  fascia 
extends  backwards  from  the  pubic  hones  to  the  prostate,  forming  the  Ivjamenta 
pvbo-prostaiicum  medium  et  lateralia.  These  ligaments  join  the  prostate  a  little 
below  the  union  of  the  prostate  and  Madder,  and  above  their  attachment  a  small 
oi  the  prostate  is  covered  by  the  vesical  sheath.  Below  these  ligaments,  there 
is  an  area  on  the  prostate  which  lies  in  relation  with  a  mass  of  fibrous  tissue, 
mixed  with  some  non-striped  muscular  fibres,  in  which  are  embedded  a  plexus  of 
This  1  issue  extends  downwards  to  the  superior  fascia,  and  outwards  to  the 
levatores  ani  muscles.  Internal  to  the  prostatic  sheath,  is  the  prostatic  capside 
which  forms  a  layer  of  fibro-muscular  tissue  about  1  mm.  thick,  and  is  closely 
adherent  to  the  prostatic  tissue.  The  prostatic  plexus  of  veins  do  not  lie 
between  the  sheath  and  the  capsule,  but  are  embedded  in  the  sheath  (Thomson 
Wall 

The  proper  substance  of  the  prostate  is  composed  of  glands  embedded  in  a 

stroma    consisting   mainly   of   muscular   tissue.     This    muscular  tissue   forms   an 

nil   layer   below   the  fibrous  sheath,   and  extends  everywhere  through  the 

glandular  substance.     The  part  of  the  prostate  in  front  of  the  urethra  is  almost 

v  muscular,  and  consists  partly  of  striped  fibres  forming  the  sphincter  vesicae 

rnusof  Eenle;  in  the  hinder  part,  the  muscular  tissue  is  best  developed  near 

ladder. 

The  glandular  substance  is  spongy  and  yielding  :   its  colour  is  reddish  grey,  or 

i  brownish  hue.     It  consists  of  numerous  tubular  alveoli,  arranged  to 

i  forty  to  fifty  lobules,  the  ducts  from  which  open  by  from  twelve  to  twenty  or 

upon  the  floor  of  the  uret  bra,  chiefly  in  the  hollow  on  each  side  of  the 
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colliculus  seniinalis.  The  epithelium  is  shortly  columnar  or  vertical  throughout, 
and  there  is  a  second  layer  of  small  cells  next  to  the  basement  membrane.  In 
the  upper  part  of  the  gland,  the  acini  are  smaller  and  more  saccular  ;  in  the  middle 
and  lower  parts,  the  tubes  are  longer  and  convoluted  at  their  ends.  The  capillary 
blood-vessels  form  a  close  network,  as  in  other  similar  glands,  on  the  ducts  and  acini, 
and  the  different  portions  of  the  gland  are  united  by  areolar  tissue,  and  supported 
by  processes  of  the  deep  layer  of  the  fibrous  capsule  and  by  the  muscular  stroma. 

Blood-vessels,  lymphatics,  and  nerves. — Arteries. — The  principal 
artery  to  the  prostate  is  the  inferior  vesicle  ;  it  occasionally  gets  branches  from  the 
superior  vesicle  and  inferior  hsemorrhoidal,  and  the  internal  pudendal  gives  a  few 
twigs,  which  enter  near  the  apex  of  the  gland.  The  vessels  ramify  in  the  capsule,  and 
send  branches  between  the  lobules,  and  from  these,  smaller  branches  pass  into  the 
lobules  and  supply  the  glandular  tissue.1  The  veins  pass  partly  towards  the  surface 
of  the  gland  and  partly  to  the  submucous  coat  of  the  urethra.  The  larger  veins 
are  found  in  front  of  the  prostate  and  on  each  side  between  the  prostate  and  the 
bladder.  From  this  plexus  vesico-prostaticus,  the  blood  reaches  the  pudendal  vein 
by  the  inferior  vesicle.  The  lymphatic  vessels  are  abundant  in  the  prostate  ; 
they  end  in  a  lymphatic  gland  near  the  obturator  canal  and  in  the  hypogastric 
glands.  The  nerves  come  from  the  hypogastric  plexus,  and  along  the  lateral 
borders  of  the  gland  there  are  numerous  nerve-cells. 

Secretion.— Examined  after  death,  the  prostatic  fluid  has  a  milky  aspect,  due  to  the 
admixture  of  a  large  number  of  epithelial  cells  ;  but,  during  life,  it  is  probably  more  transparent. 
It  is  not  a  mucous  secretion  but,  according  to  Adams,  the  fluid  has  an  acid  reaction,  and  presents, 
under  the  microscope,  numerous  granules,  epithelial  cells,  and  nuclei.  Some  of  the  granules 
are  composed  of  lecithin  (Fiirbringer,  Jena.  Sitzungsb.,  1881).  It  appears  to  be  an  important 
constituent  of  the  seminal  fluid,  having  a  stimulating  action  on  the  movements  of  the 
spermatozoa. 

Peculiarities  according-  to  age. — The  prostate  is  very  small  at  birth,  and  it  remains 
comparatively  so  until  puberty,  when,  in  common  with  the  other  generative  organs,  it  undergoes 
a  considerable  increase  in  size.  It  is  frequently  the  seat  of  a  pseudo-hypertrcphy  of  its  glandular 
tissue  in  old  age. 

The  glandular  tissue  of  the  prostate  is  developed  by  epithelial  outgrowths  from  the  posterior 
wall  of  the  urethra  at  the  sides  of  the  orifices  of  the  primitive  genital  ducts,  both  Miillerian 
and  Wolffian  (Griffiths).  These  gland-tubules  grow  outwards  to  form  the  lateral  lobes  of  the 
prostate,  and  by  their  extension  forwards  and  inwards,  may  meet  in  the  median  plane  in  front 
of  the  urethra.  The  amount  of  gland-tissue  in  front  of  the  urethra  is  very  small  in  the  child, 
and  in  some  cases  it  is  not  developed  in  this  situation  at  any  period  of  life.  Griffiths  considers 
that  the  median  lobe,  when  present,  is  not  formed  by  a  fusion  of  the  lateral  lobes  behind  the 
urethra,  but  arises  independently  by  median  outgrowths  from  the  upper  part  of  the  posterior 
wall  of  the  urethra.  The  prostate  exhibits  a  marked  tendency  to  undergo  enlargement  in 
old  age,  and  its  tubules  frequently  contain  small  laminated  bodies,  which  gradually  become 
calcified. 


ORGANA    GENITALIA    MULIEBRIA. 

The  genital  organs  in  the  female  consist  of  a  pair  of  glands  called  the  ovaries, 
and  of  certain  passages  leading  from  the  peritoneal  cavity  to  the  exterior.  These 
passages  may  be  divided  into  a  pair  of  lateral  ducts,  the  tubce  uterincv  (Fallopian 
tubes)  and  a  single  median  passage,  which  consists  of  three  main  portions,  named 
from  above  downwards,  the  uterus,  vagina,  and  urogenital  space  or  pudendal  cleft. 
Fig.  246  shows  diagrammatically  the  general  relations  of  these  parts.    The  structures 

1  G.  Walker,  'The  Blood-vessels  of  the  Prostate  Gland,'   Amer.  Jour.  Anat.,  vol.  v.,  1906. 
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which  bound  the  urogenital  space  constitute  the  external  genitals,  while  those  above 
the  hymen  are  the  internal  genitals. 


Fio.  246. — Diagram  of  female  genital  passages.     Modified  frmii  Hmlc.     (J.  Symington.) 

o.,  ovary  ;  r".,  parovarium  :  f.t.,  tuba  uterina  [Falloppii] ;  v'.,  infundibulum  tubae  uterinse  ;  a.,  ampulla 
iterina  ;  i..  isthmus  tuba  uterinse  ;  i  ..  fundus  of  uterus  ;  h..  cavity  of  body  of  uterus  ;  i.o.,  orificium 
iin  uteri;   o.,  cavity  of  cervix  of  uterus;    e.o.,  orificium  externum  uteri;   va..  vagina;   it.,  hymen; 

i..  orifice  of  urethra;    v..  vestibule:    x.,  labium  minus;    i..m..  labium  ma  jus ;  p.,  pudendal  or  vulval  cleft. 

IK-  passage  from  r.  to  P.  constitutes  the  urogenital  space. 


OVARIA. 

The  ovaries  (ovaria)   arc  two  ductless  female  glands,  homologous  with    the 

testicles  In  the  male.     They  contain  numerous  ova  which  are  embedded  in  closed 

I  aown  as  the  Graafian  follicles  (folliculi  oophori).     Ova  are  discharged  from 

the  ovaries  by  the  periodic  rupture  of  the  Graafian  follicles  and  the  escape  of  their 

contents  into  I  be  peritoneal  cavity — a  process  known  as  ovulation. 

Shape  and  size. —  Bach  ovary  is  a  somevi  hat  flattened  oval  body  and  possesses 
a  median  and  a  lateral  surface,  an  upper  or  tubal  and  a  lower  or  uterine  extremity, 
a  posterior  free  convex  holder  (margo  liber),  an  anterior  attached  border  (margo 
anda  hilumat  the  mesovarian  border  for  the  entrance  or  exit  of  blood- 
els,  &c.     The  ovary  is  ahotil  !'•">  mm.  long,  15  mm.  broad,  and  10  mm.  thick  : 
hut  it  not  only  varies  in  size  in  difierenl  individuals,  hut  also  in  the  same  subject, 
rding  to  the  Btate  of  its  functional  activity. 

Position  and  relations. — The  position  of  the  ovary  is  by  no  means  constant, 

and  opinions  are  divided  as  to  the  condition  which  is  to  be  regarded  as  normal. 

rding  to  Hi-.1  Waldeyer,    and  the  majority  of  recent  observers,  the  ovary 

dull  nullipara  is  placed  againsl  the  side  wall  of  the  pelvis,  with  its  long 

un  Situs  viscerum,'  u.s.w.,  Arch.  f.  Anat.,  1878;  and  '  Die  Lage  der  Eierstocke 
Anal.,  lsM. 
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axis  vertical,  in  the  erect  position  of  the  body.  Kolliker,1  however,  describes  it  as 
lying  obliquely  in  the  pelvis  with  its  long  axis  parallel  to  the  external  iliac  vessels, 
and  Hasse,-  while  admitting  that  the  ovary  may  be  considered  as  normally  occupying 
the  position  described  by  His,  believes  that  it  is  frequently  drawn  towards  the 
uterus  by  the  plain  muscular  fibres  contained  in  the  broad  ligament,  so  that  its 
long  axis  is  then  directed  obbquely  downwards  and  inwards.     Adopting  the  account 


Fig.  247. — View  of  the  female  organs  of  generation  from  behind,  the  vagina  being  cut  open  and 
its  walls  turned  aside.     One-half  natural  size.     (Sappey.) 

I,  ovaries  ;  2,  tubas  uterinse  ;  3,  4,  5,  their  fimbriated  extremities  (4  points  to  the  ostium  abdomiuale)  : 
6,  ovarian  fimbria  ;  7,  ligament  of  the  ovary  ;  8,  9,  broad  ligaments  ;  10,  uterus  ;  11.  its  vaginal  portion  ; 
12,  orificium  externum  uteri  ;  13,  lateral  and  posterior  walls  of  vagina  reflected  ;  14,  its  anterior  wall ;  15, 
edge  of  hymen  ;  16,  orifice  of  urethra  ;  17,  vestibule  ;  IS,  labia  minora  pudendi ;  19,  glans  clitoridis  ;  20, 
labia  majora  pudendi. 

given  by  His  as  representing  the  usual  position  of  the  ovary,  we  will  now  describe 
its  relations. 

The  median  surface  is  free  and  covered  to  a  variable  extern  by  the  uterine 
tube  and  the  adjacent  portion  of  the  mesosalpinx.     The  tube  and  its   mesentery 

Veber  die  Lage  der  weibl.  inneren  Geschlechlsorgane,  Bonn,  1882. 
3  '  Beobachtungen  uober  die  Lage  der  Eingeweide  im  weibl.   Bcckeneiiiganne,'  Arch.  f.   Qynaekologie 
Bd.  viii. 

VOL.    II.    PART.   II.  T 
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may  oover  the  whole  <>f  the  median  .surface,  so  as  to  separate  it  from  direct  contact 

with  other  structures.    Some  convolutions  of  the  jejuno-ileum  are  often  found 

on  the  inner  Bide  of  the    righl    ovary,  and   occasionally    also   the   vermiform 

while  t  lie  pelvic  colon  may  have  a  similar  relation  to  the  ?left  ovary 

25  I). 

The  lateral  surface  is  also  free  and  lies  against  a  more  or  less  distinct  peri- 
toneal  depression  on  the  side  wall  of  the  pelvis,  termed  the  fossa  ovarica.  This 
depression  lies  below  the  prominence  formed  by  the  psoas  and  external  iliac  vessels, 
in  front  of  the  ureter  and  uterine  artery  and  behind  the  lateral  umbilical  liga- 
ment.    Walilever.1  who  maintains  that  the  fossa  must  be  regarded  as  of  normal 


PlO.    248. — DlAQBAMMATIC    VIEW    OF   THE    fTERUS    AND    ITS    APPENDAGES,    AS   SEEN    FEOM    BEHIND. 

Two-thirds  natural  size.     (Allen  Thomson). 

1  upper  part  of  the  vagina  have  been  laid  open  by  removing  the  posterior  wall ;    on  the 

le    of    the  tuba    nterina,  round  ligament  and  ovarian  ligament  have  been  cut  short,  and  the  broad 

ligament  removed  ;   u,  the  fundus  of  the  uterus  ;  c,  the  cervix  opposite  the  orificium  internum  ;  the  triangular 

of  the  uterine  cavity  is  shown,  and  the  dilatation  of  the  cervical  cavity  with  the  ruga?,  termed  arbor 

vita  ;    p,  upper  part  of  the  vagina;    od,  tuba?  uterine;    I,  round  ligament;    lo,  ligament  of  the  ovary; 

hi  re  represented  with  its  long  axis  horizontal,  although  in  the  natural  position  within  the  body  it  is 

oblique  or  ni  u  Ij  vertical) ;   «'.  w  ide  outer  part  of  the  right  tuba  uterina  ;  /  i,  its  fimbriated  extremity  ;  po, 

parovarium  ;   /i,  one  of  the  hydatids  frequently  found  connected  with  the  broad  ligament. 


admits  that  it  varies  considerably  in  depth,  and  may  be  farther  back 

than  usual,  so  that  the  ureter  is  opposite  the  anterior  edge  of  the  fossa  instead  of  the 

posterior.     The  lateral  surface  of  the  ovary  is  separated  from  the  bony  wall  of  the 

pelvis  by  the  parietal  peritoneum,  a  quantity  of  loose  fascia  and  fat  containing 

I  rator  nerve  and  some  blood-vessels,  and  most  externally  by  the  obturator 

aus  muscle. 

The  posterior  border  is  free,  convex,  and  turned  somewhat  inwards  towards 

t  he  red  urn.    Like  the  median  surface,  it  is  covered  partially  by  the  fimbriated  end 

iterine  tube.     The  anterior  border  is  straighter  than  the  posterior  :  it 

tachmenl  to  a  short  mesovarium,  between  the  two  layers  of  which  is  the 

ini.  where  the  blood-vessels  and  nerves  enter  the  ovary.     The  uterine  tube 

da  in  front  of  this  border.     To  its  upper  extremity  is  attached  the  ovarian 

"f  ,|"'  uterine  tube,  and  also  a  peritoneal  fold,  termed  the  ligamentum 

ovarii,  whirl,   passes  downwards  from  the  brim  of  the  pelvis  and 


toh  Of   the   Lateral   Wall   of  the  Pelvic  Cavity/with  Special 
°var,;'  ■    Iwtf.  and  Phya..  voL  xxjrii.,  Ootober  1897. 
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contains  the  ovarian  vessels  and  nerves.  The  uterine  tube  bends  back- 
wards at  the  upper  end  of  the  ovary.  The  lower  end  of  the  ovary  is  generally 
narrower  than  the  upper,  and  is  attached  to  the  uterus  by  the  ligament  of 
the  ovary.  This  extremity  does  not  normally  reach  the  floor  of  the  recto- 
uterine peritoneal  pouch,  so  that  the  ovary  is  suspended  against  the  side 
wall  of  the  pelvis. 


Ileum  (turned  up) 

The  mesentery 
Body  of  first  sacral 

1 leo-c cecal  fold 

Vermiform  appendix 

Ccecum 

Ureter 

Tuba  uterina 

Ovarium 

Ligmentum  teres  uteri 

Ligamentum  ovarii 

Ligamentum  latum  uteri 

Bladder 

Vagina 

Crus  clitoridii 

Bulbous  vestibuh 


Cocrygeus  m. 
Rectum 
V tero-sacral  ligament 
Levator  ani 
|  Rectum 
I  d  rine  vessels 


Fig.  249. — Sagittal  section  of  the  pelvis  of  a  female,  aged  twenty-four  years,  made  about  12  mm. 

to  the  right  of  the  median  plane,  and  viewed  from  the  median  aspect.     One-half  natural  size. 

(J.  Symington.) 
After  this  section  was  made,  the  uterus  and  the  upper  part  of  the  vagina  were  divided  still  farther  to  the 
right  of  the  median  plane.     The  convolutions  of  the  jejuno-ileum  were  removed  from  the  pelvis  in  this  and 
the  following  figure. 

Structure.— The  surface  of  the  ovary  has  a  dull  greyish  colour,  which  is 
easily  distinguished  from  the  white  shining  appearance  of  the  mesovanum.  It 
is  not  covered  by  peritoneum,  but  by  a  layer  of  columnar  cells— the  remains  of  the 
germ  epithelium.  Farre  x  drew  attention  to  a  white  line  along  the  attached  border 
of  the  ovary,  and  Waldeyer  2  showed  its  significance  as  indicating  the  termination 
of  the  ordinary  peritoneal  endothelium.     During  the  child-bearing  period  of  life. 


i  '  Uterus  and  its  Appendages,'  Todd's  Cyclopaedia  of  Anatomy  and  Physiology,  vol. 
•  Eierstock  und  Ei,  1870. 
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the  Burface  oi  the  ovary  ■  ften  exhibits  a  number  ol  vesicles,  which  vary  in  size 

and  prominence.     Some  ol   these  may  be  seen  to  have  a  thin,  semi-transparenl 

ing  and  to  contain  a  clear  fluid.     On  section,  the  ovary  is  found  to  consist 

roma,  which  al  the  surface  forms  a  rather  ill-defined  tunica  albuginea. 

Embedded  in  the  Btroma  are  the  Graafian  follicles,  in  various  stages  of  develop- 


Psoaa  muscU 

Common  iliac  arU  ry 

-  San  mi, 
Peritoneum  on  iliac  vessels 

—  Ureter 

Pelvic  mesocolon 


Pelvic  colon 


Lin.  teres  ut>  >  < 
Tuba  uterina 

Ovary 

Plica  transversalis  vesicae 

rAgamentum  latum  uteri 

bladder 

Pubo-analis  muscle 

Vaginal  plexus  of  vein  - 

Pubic  bone 

Orus  clitoridin 


Ureter 
Uten  in  plexus  of  veins 
I' I.  run.  artery 
Heel  a  in 
I'll  ro -sacral  ligament 
Uoccygi  us  m 
/,'  <  him 
OluU  us  n  • 


—Sagittal  section  of  the  pei.\  i-  01    L  FEU  w.e.  aged  twenty-four  years,  made  about  2-5  cm. 
hie  left  of  Tin.  MEDIAN  PLANE,  ami  viewed  from  the  MEDIAN  aspect.     One-half  natural  size. 
;ington.) 


ment,  and  each  containing  a    microscopic    ovum.     A  corpus  luteum   may  be 
•    and  also  the  atrophied  remains  of   several  corpora  lutea.  forming   small 
win-  ses  known  as  the  corpora  albicantia. 

Peculiarities  according  to  age. — In  the  young  fetus,  the  ovary  lies  in  front  of  the  psoas 

:        ;     •      i   the  kidney  and  having  the  uterine  tube  on  its  outer  6ide.    From  this  position 

passes  downwards  and  inwards,  so  that  at  birth  it  lies  at  the  brim  of  the  pelvis 

:  and  inner  end  projei  ting  slightly  into  the  pelvis,  and  its  upper  and  outer  part 

in  the  iliac  fossa.     During  fetal  lit'  the  ovary  is  long,  narrow,  and  soft,  showing  impressions  due 
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to  the  pressure  of  adjacent  intestine ;  but  soon  after  birth,  it  becomes  firmer  and  more  oval  in 
form. 

Until  puberty,  its  surface  is  smooth  ;  but  after  the  process  of  ovulation  is  fully  established 
it  tends  to  become  uneven.  This  is  due  to  the  laceration  of  the  surface  by  the  rupture  of  the 
Graafian  follicles  and  the  cicatrisations  that  occur  in  connexion  with  the  closure  of  t  he  openings. 
In  old  age  the  ovary  undergoes  atrophy,  becoming  more  fibrous  and  less  vascular. 

Varieties. — The  above  description  of  the  position  and  relations  of  the  ovaries  is  based  upon 
the  examination  of  adult  nullipara?,  with  the  bladder  empty  and  the  uterus  ante-flexed  and 
ante-verted.  The  ovaries,  however,  are  not  firmly  fixed  in  any  one  place,  and  even  in  the 
same  individual  their  position  is  liable  to  vary  according  to  the  condition  of  the  other  pelvic 
organs.  Thus,  if  the  uterus  be  moved  upwards  and  backwards,  by  distension  of  the  bladder 
or  other  causes,  the   ovaries  will   be   displaced   backwards  towards  the   sacrum.      His  found 


Ureter 
Pelvic  colon 

Suspensory  liga- 
ment of  ovary 

Utero-sacral 
ligament 

Tuba  utcrina 

Ovary 

Ligament  of  ovary 
Li g.  latum  uteri 


Urachus 

Ligamentum  urn- 
bilicak  laterale 


Fig.    251. — Pelvic  organs  of  the  female,  viewed  from  above. 

U,  uterus  ;    B,  bladder. 


(v.  Bardeleben  and  Haeekel.) 


that  in  cases  of  lateral  deviation  of  the  uterus,  the  ovary  on  the  side  towards  which  the  uterus 
lies,  is  vertical ;  while  the  lower  end  of  the  opposite  ovary  is  drawn  towards  the  median  plane 
by  the  ligament  of  the  ovary,  so  that  its  long  axis  becomes  oblique.  Waldeyer,  however,  has 
recorded  a  ease  in  which  the  ovary  on  the  side  opposite  to  the  uterine  deviation  maintained 
its  vertical  position  against  the  side  wall  of  the  pelvis,  apparently  on  account  of  the  ligament  of  the 
ovary  being  longer  than  usual  on  that  side.  As  a  rule,  the  ovary  on  the  side  towards  which 
the  uterus  is  displaced  is  distinctly  higher  than  the  one  on  the  opposite  side.  Thus  in  a  specimen 
of  Waldeyer's,  the  one  ovary  had  its  upper  end  1  cm.  below  the  level  of  the  external  iliac  vein, 
and  the  other  ovary  reached  as  high  as  the  upper  bolder  of  the  corresponding  vein.  Waldeyer 
states  that  he  has  not  seen  any  cases,  such  as  Hasse  describes,  where  a  normal  ovary  lies  in 
contact  with  the  uterus. 

Absence  of  one  or  both  ovaries  is  extremely  rare.  Occasionally,  the  ovary  retains  its 
infantile  form  until  adult  life.  It  is  very  uncommon  to  find  it  remaining  in  its  primitive  position 
near  the  kidney,  but  sometimes  in  place  of  descending  into  the  pelvis  it  takes  a  similar  course 
to  that  of  the  testicle,  passing  into  the  inguinal  canal  and  even  through  the  external  abdominal 
ring  to  the  labium  majus.     When  enlarged  it  frequently  becomes  prolapsed,  passing  downwards 
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!  t In-  uterus,  bo  thai  when  both  ovaries  are  enlarged  they  may  meet  near 

The  presenoe  ol    accessory  ovaries  has  Keen  described    by  Waldeyer  and 

isohe  Ovarieu,    Wiener  med.  Woch.,  L877)  found  them  present  in 

l  may  I.,    sessile  or  pedunculated,  and  are  usually  small.     In  all 


01  a  hi  man  "\  iky.     (\V.  NageL) 
1,  in  aeom  and  tunica 

iriuin  ;    tul  w  ith 

ovarian  I'm  I 


Fig.    253. — Section:    of     a    HUMAN    OVABY. 
(W.  Xagel.) 

1.  1,  Graafian  follicles;    2,  corpus  lutcum  ; 
3,  corpus  albicans. 


probability  they  represent  del  whed  portions  of  the  ovary.      Cavalie(£/6//w7.  anat.,t.  ix. 
in  which  the  right  ovary  was  divided  into  two  distinct  portions. 
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Blood-vessels,  lymphatics,  and  nerves  of  the  ovaries. — Arteries. — 

The  ovary  is  supplied  by  the  ovarian  and  the  uterine  arteries.     The  ovarian  gives 

il  branches  directly  to  it.  and  others  arise  from  a  twig  going  to  the  fimbriated 

end  of  the  uterine  tube.  The 
branch  from  the  uterine  artery 
passes  outwards  between  the  two 
layers  of  the  broad  ligament  to 
anastomose  with  the  ovarian,  and 

f  supply  a  number  of  small  vessels 

to  the  ovary.  The  arteries  of  the 
ovary  are  long  and  tortuous,  and 
reach  the  hilum  between  the 
two  layers  of  the  mesovarium. 
From  the  hilum  they  ramify 
lively  in  its  substance,  and  are 
accompanied  by  nonstriped  mus- 
cular fibres.  The  veins  are  con- 
siderably  dilated  and  tortuous  in 
the  hilum  and  the  mesovarium, 
forming  a  swelling,  termed  by 
Etouget  the  bulb  of  the  ovary. 
Most  of  the  veins  leaving  the 
ovary  ascend  in  the  suspensory 
ligament  as  the  ovarian  plexus 
of  veins,  but  some  join  the 
uterine  veins.  The  lymphatics 
bundant.  At  the  hilum.  they  form  a  dense  network,  known 
xua  8u  -  •■  to  eighl  lymphatic  vessels  ascend  with  the  ovarian 

ite  in  the  aortic  glands.     Poirier  describes  an  anastomosis 
"!'  lympl  3els,  bul    Bruhns  failed  to  detect  this  connexion. 
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Fig.  255. — Section  of  injected  ovaey  from  a  girl  of  sixteen.     Magnified  about  8  diameters. 

(J.  G.  Clarke.) 

A,  ovarian  artery;  a,  a',  its  deeply  lying  parallel  branches  which  are  seen  giving  off  arterioles  towards 
the  superficial  parts  ;  V,  ovarian  veins  ;  b,  a  corpus  luteum  ;  c,  c,  Graafian  follicles  ;  d,  d,  unruptured  follicles 
which  are  in  process  of  atresia  ;   e,  a  more  complete  stage  of  atresia  (corpus  albicans). 
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.11  supplied  with  both  vasomotor  and  sensory  nerves,  derived  from 

rian  plexus  on  the  ovarian  vessels.     According  to  some  authorities,  the 

ataina  a  nombex  oi  nerve  cells  of  I  he  sympathetic  type. 

Epoophoron     parovarium,  or  organ  of  Rosenmiiller)  is  a  flattened  structure 

with  .1  trapezoid  or  rarely  a  triangular  outline,  situated  in  the  lateral  part  of  the 

osalpinx,  between  the  ovary  and  the  uterine  tube.     It  consists  of  about  fifteen 

small  ducts  (ductuli  transverai),  1  cm.  to  2  cm.  in  length,  passing  transversally 

ary  and  the  uterine  tube,  and  a  longitudinal  duct  (ductus  epoophori 

running  parallel  to  the  outer  part    of   the    uterine   tube.     The 

phoron  can  usually  be  brought  into  view  by  holding  the  mesosalpinx  between 

inda  bright  light,  but  i1  is  often  obscured  by  the  presence  of  fat  and  blood- 

The  ducts  are  adherent  to  the  ventral  layer  of  the  mesosalpinx,  but  are 

onlv  loosely  connected  with  the  dorsal  layer. 

ducts  may  be  divided  into  three  sets  :  upper  or  lateral,  inter- 

i  lower  or  median.     The  intermediate  are  the  most  numerous,  and  they 

illy  converge  towards  the  hiluni  of  the  ovary  near  its  tubal  extremity.     On 

micros)  opic  examination,  these  ducts  are  found  to  form  a  network  at  the  hilum  of 

ry,  termed  the  rete  ovarii.     The  upper  ducts  (or  Kobelt's  tubules1)  end 

the   ovary,   near  the    free  margin  of   the  mesosalpinx,  in  small  dilated 

which  may  project  into  a  special  fold  of  the  ventral  layer  of  the 

mesosalpinx  aa  small  cyst-like  bodies,  some  of  which  may  become  pedunculated. 

A   few  rudimentary  lower  ducts  do  not  penetrate  the  ovary.     As  the  transverse 

ducts  p.  ards  the  uterine  tube,  they  often  become  tortuous,  and  end  by 

Og  the  longitudinal  duct  (fig.  256). 

longitudinal  duct  (Gartner's  duct)  usually  corresponds  in  length  to  the  base 
ihoron,  but  it  may  extend  laterally  beyond  this  body  to  terminate  in  a 
inculated  cyst,  and  medially  may  be  traced  between  the  layers  of  the  broad 
ligi  o  the  side  of  the  uterus. 

Paroophoron. — This  is  a  small  rounded  body,  situated  in  the  mesosalpinx, 
median  to  the  epoophoron,  and  composed  of  a  few  rudimentary  tubules.      It  can 
dlybedetei  ted  with  the  naked-eye  during  the  first  year  after  birth. 

I    is  tin   i  ■  mains  of  the  upper  (sexual)  part  of  the  Wolffian  body  and  duct,  while 
-  di  mi  d  from  a  few  of  the  lower  or  urinary  tubules  of  the  same  body.     The 
phoron    i  'hroughout  life,  bat  it  appears  to  be  better  developed  during  the  period 

ity. 

TUBJE  UTERINE. 

The  two  tubae  uterinae  (Fallopian  tubes)  may  be  considered  as  ducts  of  the 

oviducts)  since  they  serve  to  convey  the  ova  from  these  glands  into  the 

r  differ,  however,  from  the  ducts  of  all  the  other  glands  in  the  body  in 

.<  bed  from  the  organs  whose  Becretions  they  convey.    They  are  enclosed 

of  the  broad  ligaments  in  the  whole  of  their  extent,  except  the 

ral  portions,  which  traverse  the  uterine  wall  fur  about  1  cm.  to  open  into 

ivity.    Traced  from  the  uterus— to  the  superior  angles  of  which  they  are 

found  to  pass  almost  horizontally  outwards,  for  a  distance  of 

unl  il  t  hey  reach  I  be  side  walls  of  the  pelvis,  against  which  they 

•  in  a  tortuous  manner,  in  front  of  1  heir  corresponding  ovaries,  and 

above  these  glands  and  internal  to  their  suspensory  ligaments 

turn  downwards,  ao  thai  the  fimbriae  are  opposite  the  inner 

rwtocJt  dts  Weibes,  Heidelberg,  1847. 
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TWO    FIGURES    EXHIBITING    A    COMPARISON    BETWEEN    PARTS     OF     THE 
GENERATIVE  ORGANS   IN   THE   TWO   SEXES. 

(From  Farre,  after  Kobelt.) 
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Fig.  256.- 


-ADULT   OVARY,    EPOOPHOEON,    AND    TUBA    UTERINA. 

(Kobelt.) 


surfaces  and  posterior  borders  of  the  ovaries.  Some  convolutions  of  the  small 
intestine  are  often  situated  above  and  internal  to  both  tubes.  The  vermiform 
process,  when  projecting  downwards  into  the  pelvis,  comes  into  close  relation  with 
the  right  tube,  while  the  pelvic  colon  is  often  in  contact  with  the  left  tube.  The 
average  length  of  the 
tubes  is  10  cm.  to  12  cm., 
and,  as  a  rule,  the  right 
one  is  a  little  longer  than 
the  left. 

Each  tube  may  be 
divided  into  an  isthmus, 
an  ampulla,  a  neck,  and  a 
fimbriated  extremity.  The 
isthmus  corresponds  to 
about  the  inner  third  of 
the  tube ;  it  is  straight, 
round,  and  cord-like,  and 
has  a  diameter  of  2  mm. 
to  3  mm.  Its  lumen 
communicates  with  the 
uterine  cavity  by  an 
orifice  which  will  barely 
admit  a  hog's  bristle,  and 
is  not  dilatable.  From 
this  opening,  its  cavity 
enlarges  as  it  passes 
outwards,  but  only  very 
gradually.  The  ampulla 
extends  from  the  isthmus 
to  the  neck,  and  forms 
rather  more  than  one-half 
of  the  total  length  of  the 
tube.  It  differs  from  the 
isthmus  in  its  larger  size, 
in  its  dilat  ability,  in  being 
less  firm  to  the  touch, 
and  by  its  tortuous  course. 
This  part  of  the  tube 
increases  in  size  from  the 
isthmus  to  the  neck,  and 
its  average  diameter  is 
6  mm.  to  8  mm.,  while  in 
many  cases  it  will  admit, 
in  the  greater  part  of  its 
length,  a  No.  6  to  No.  8 
catheter.  Ballantyne  and 
Williams1  found  that  the  orifice  at  the  neck  of  the  tube,  or  ostium  abdominal?,  was 
physiologically  closed  in  tubes  removed  during  life,  while  in  specimens  obtained 
from  the  post-mortem  room  it  was  somewhat  gaping.  When  moderately  distended, 
it  has  a  diameter  of  3  mm.  or  4  mm.  The  ovarian  end  of  the  tube  expands  in  a 
trumpet-shaped  manner  from  the  neck  to  enclose  a  space  called  the  infundibulum 

1  The  Structures  in  the  Mesosalpinx,  Edinburgh,  1893. 


a.  a.  epoophoron  (parovarium)  formed  from  the  upper  part  of 
the  Wolffian  body  ;  b,  remains  of  the  uppermost  tubes,  sometimes 
forming  hydatids  ;  c,  middle  set  of  tubes  ;  d,  some  lower  atrophied 
tubes  ;  e,  atrophied  remains  of  the  Wolffian  duct ;  /,  the  terminal 
bulb  or  hydatid ;  h,  the  tuba  uterina,  originally  the  duct  of  Miiller 
i,  hydatid  attached  to  the  extremity  ;   I.  the  ovaiy. 


Fig.  257. — Adult  testis  and  epididymis.     (Kobelt.) 

a.  a,  convoluted  tubes  in  the  head  of  the  epididymis  developed 
from  the  upper  part  of  the  Wolffian  body  ;  b  and  /,  hydatids  in  the 
head  of  the  epididymis ;  c,  coni  vasculosi ;  rf,  vasa  aberrantia  ; 
ft,  remains  of  the  duct  of  Miiller  with  i,  the  hydatid  of  Morgagni,  at 
its  upper  end  ;  I,  body  of  the  testis. 
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then  prolonged  into  a  number  of  irregular  processes  called 
■  .   i  be  term  fimbriated  •  xtn  miiy.     From  its  irregular  torn  appearance, 
i  by  the  ancient  anatomists  morsua  diaboli.    The  fimbriae  vary  con- 
ably  in   number,   size,  and  complexity.    The  larger  ones  have  numerous 
cmallAT  i  ttached  to  their  edges,  and  their  inner  surfaces  present  folds 

continuous  with  those  lining  the  pavilion.     One  of  the  fimbriae,  which  is  longer 
than  tin*  others,  is  attached  to  the  upper  end  of  the  ovary.    This,  the  ovarian 

ria,  has  a  Longitudinal  g ••■  leading  from  the  pavilion  to  the  ovary,  and 

bounded  a1  its  sides  by  secondary  fimbria).    In  some  cases  this  fimbria  does  not 
reach  the  ovary,  bul  is  attached  to  it  by  a  ligament. 

Peculiarities  according-  to  age.  In  tin-  new-born  [child,  the  uterine  tubes  are  not 
situated  entirely  in  the  cavity  of  the  tnn-  pelvis,  their  outer  ends  lying  in  the  iliac  fossae.  The 
unpnllary  pari  of  the  tube  shows  one  to  three  spiral  twists,  and  the  edges  of  thcovarian  fimbria 
nn-  not  Cringed.  In  old  age,  the  tubes  tend  to  become  narrower  and  straighter,  and  their 
muscular  i  oal  al  i 

Varieties.     A  pedunculated  cyst,  known  as  the  hydatid  of  Morgagni,  is  sometimes  found 

ae  oi  the  fimbrii to  the  tube  itself.    Ballantyne  and  Williams  (The  Structures 

Muosali      '■  Edinburgh,  1893)  found  it  in  8  per  cent,  of  the  adult  cases  they  examined. 

in.  .1  by  a  mucosa  provided  with  a  single  layer  of  ciliated  columnar  epithelium,  its  walls 

in    ;i    muscular   e,.at    composed   of   circular   and   longitudinal   fibres,  and   it   is   covered 

by  peritoneum.     Its  structure  and   attachments  show  that,  like   the   uterine  tube,  its  origin 

:n  the  Mull.  riar.  duct.     It  is  probably  derived  from  a  portion  of  the  duct  situated  above 

the  ostium  abdominale.     The  long  pedicle  which  it  frequently  possesses  may  be  due  to  the 

extension  of  the  duel  into  the  fold  passing  from  the  Wolffian  body  to  the  diaphragm,  and  the 

i  ii|. mi  it  dining  the  descent  of  the  Wolffian  body.    One  or  more  smaller  fimbriated 

opt  nings  not  infrequenl  ly  occur  at  a  short  distance  from  the  main  one.     Congenital  absence  of 

;i  pari  or  the  whole  of  a  tube  occasionally  occurs,  even  in  cases  where  the  uterus  is  properly 

Sp  ncer   and    Doran,    'Absence   of  the   Fallopian   Tubes  and  of  Menstruation.' 

lint.   .1/.'/.  .Intir.,  October  1,  1H10;   and  Spencer,  'Absence  of  the  Fallopian  Tubes  and  of 

■  mation  '  (a  second  case),  Brit.  Med.  Jour.,  January  28.  1911). 

Structure. — The  walls  of  the  tube  are  composed  of  a  serous,  a  subserous,  a 

8  submucous,  and  a  mucous  coat.     The  serous  coat  is  incomplete,  being 

absent  a1  the  attachment  of  the  mesosalpinx,  where  the  blood-vessels,  lymphatics. 

and  nerves  reach  the  I  ube.     The  subserous  coat  (tunica  adventitia)  is  composed  of 

delii  a1 inective-tissue,  so  thai  the  tube  lies  somewhat  loosely  in  its  serous  fold. 

The  muscular  coal  is  composed   of   non-striped  fibres,  arranged  in  an  external 

ntudinal  and  an  internal  circular  layer.     The  submucous  tissue  contains,  like 

oi  the  uterus,  multipolar  ganglion  cells.      The  mucous  membrane  lining  the 

•  brown  into  longitudinal  plica?,  which  are  broad  and  numerous  in  the  wider 

of  the  tube,  and  in  the  narrower  pari  are  broken  up  into  very  numerous  arbo- 

.    It  is  continuous,  on  the  one  hand,  with  the  lining  membrane  of  the 

ad  a1  the  other  end  of  the  tube  with  the  peritoneum,  thus  presenting  an 

iple  of  the  direct  continuity  of  a  mucous  and  serous  membrane,  and  making  the 

I  cavity  in  the  female  an  exception  to  th<  ordinary  rule  of  serous  cavities, 

perfectly  closed  to  1  be  exterior.    The  epithelium  in  the  interior  of  the 

i,  like  thai  of  the  uterus,  columnar  and  ciliated  ;   the  inner  surface 

o  provided  with  cilia.     <  hi  their  outer  or  serous  surface  it  passes 

pavemenl  epithelium  of  the  peritoneal  membrane.    It  does  not  appear 

one  time  supposed,  in  the  mucous  membrane  lining 

dthougb  the  appearances  of  the  folds  of  mucous  membrane 

•  •    ■  i  .i   [land   (fig.  258). 

Blood-vessels,  lymphatics,  and  nerves. — The  uterine  tube  is  supplied 

•  erine  and  ovarian  arteries,  which  anastomose  with  one  another 
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and  send  numerous  small  twigs  to  the  tube.  The  veins  correspond  to  the  arteries,  and 
form  a  rich  network  in  the  submucous  coat  and  between  the  muscular  fibres.  A 
few  lymphatic  vessels  pass  in  the  broad  ligament  to  a  network  at  the  hilum  of  the 


8 


Fig.   258. — Transverse   section   of   tuba   uterina,   showing   folded   mucous   membrane    and   well- 
developed  INTERNAL  CIRCULAR  AND  LESS   WELL-MARKED   EXTERNAL  LONGITUDINAL  MUSCULAR  LAYERS. 

(F.  H.  A.  Marshall.) 

ovary,  and  from  those  vessels  proceed  outwards  and  upwards  to  end  in  the  lumbar 
glands.     Sympathetic  nerve-fibres  accompany  the  blood-vessels. 


UTERUS. 

The  uterus  or  womb  is  a  hollow  muscular  organ,  with  very  thick  walls,  situated 
in  the  pelvic  cavity  between  the  rectum  and  the  urinary  bladder.  The  uterine 
tubes,  extending  from  each  upper  angle  of  the  uterus  to  their  ovarian  opening, 
conduct  the  ovum  from  the  ovary  to  the  uterine  cavity.  In  the  case  of  pregnancy, 
the  uterus  receives  the  ovum,  retains  and  supports  it  during  the  development 
of  the  fetus,  and  expels  it  at  the  time  of  parturition.  During  gestation,  the  uterus 
undergoes  a  great  enlargement  in  size  and  capacity,  as  well  as  important  structural 
changes. 

Shape  and  size. — In  the  fully  developed  virgin  condition — which  is  that  to 
which  the  following  description  mainly  applies — the  uterus  is  a  flattened  pear-shaped 
body,  with  an  upper  and  larger  free  end,  and  a  lower  extremity  which  projects 
into  the  vagina,  dorsal  (facies  intestinalis),  and  ventral  (facies  vesicalis)  surfaces, 
and  right  and  left  margins.  It  is  usually  described  as  consisting  of  a  fundus,  a  body, 
and  a  neck.  Its  average  dimensions  are  7  "5  cm.  in  length,  5  cm.  in  breadth  at  its 
upper  and  wider  part,  and  2-5  cm.  in  thickness  ;  it  weighs  from  33  grms.  to  41  grms. 

The  body  (corpus  uteri)  has  a  broad  convex  upper  end,  called  the  fundus. 
which  projects  upwards  from  between  the  points  of  attachment  of  the  uterine 
tubes  (fig.  247),  while  below  it  is  continuous  with  the  neck.    Its  dorsal  (intestinal) 
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.  ii       i  .  :  \  I      ■    I     I  II  M  M  i:  AGED  ABOUT  THIRTY  YEARS.       ThrCC-foUIt  lis  natural 

size.     (J.  Symington.) 

•    bra  ;    P.9.,  pul  i     symphysis;    b.,  bladder;  v.,  u  ret  lira ;  ut.,  uterus;  e.o., 

;   .    :  i .!  b     i     unit.  1  with  one  another  on  posterior  aspect 

■  mix;  p.f.i  posterior  vaginal  fornix ;  it.,  hymen  ;  R,,  rectum; 

;    /..    '  ;    L.  Maj.,  labium  majus;    c,  clitoris;    M.,    fat    of    mons  pubis; 

no- ; 

lade  .  ' !  >  body  by  the  i  "f  a  1  per  cent,  solution  of  chromic  acid, 

tth  this  fluid  probably  depressed  somewhat  the  pelvic  viscera. 
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and  ventral  (vesical)  surfaces  are  both  covered  by  peritoneum  and  are  convex,  but 
the  latter  more  so  than  the  former. 

Each  lateral  margin  (margo  lateralis)  gives  attachment  to  the  two  layers  of 
the  broad  ligament,  which  are  separated  from  one  another  by  a  quantity  of  fibrous 
and  non-striped  muscular  tissue,  and  a  number  of  other  important  structures. 
At  the  point  of  union  of  the  lateral  margin  with  the  fundus  is  a  projecting  angle, 
with  which  the  uterine  tube  is  connected,  the  round  ligaments  being  attached 
a  little  before,  and  the  ovarian  ligament  behind  and  beneath  it  (fig.  261).  Below 
these  three  structures  are  the  uterine  blood-vessels,  lymphatics,  and  nerves. 


Ext.  iliac  artery 
Ovary 

Ureter 
Fundus  uteri 

Vtero-sacral  liga men t 


Fig.  260.— Right  half  of  a  median  section  of  a  female  pelvis  from  which  a  distended  rectum 
was  removed  and  the  utero-sacral  ligament  exposed.     (J.  Symington.) 


The  neck,  or  cervix  uteri,  narrower  and  more  rounded  than  the  rest  of  the  organ, 
is  about  2  "5  cm.  in  length  ;  it  is  continuous  above  with  the  body,  and,  becoming 
somewhat  smaller  towards  its  lower  extremity,  projects  into  the  anterior  part  of 
the  upper  end  of  the  tube  of  the  vagina,  which  is  united  all  round  with  the  substance 
of  the  uterus,  but  extends  upwards  to  a  greater  distance  behind  than  in  front. 
The  cervix  may  be  divided  into  two  parts  :  portio  supra-vaginalis  and  portio  vaginalis. 
Of  these,  the  supra-vaginal  portion  is  situated  at  and  above  the  attachment  of  the 
vaginal  wall  to  the  uterus,  and  the  vaginal  has  a  free  surface  projecting  into  the 
upper  end  of  the  vagina.  The  lower  end  of  this — the  vaginal  part  of  the  cervix — 
has  a  transverse  aperture  by  which  its  cavity  opens  into  the  vagina  (figs.  247,  259)  ; 
this  is  named  the  orificium  externum  uteri.  It  is  bounded  by  two  thick  lips  :  the 
posterior  (labium  posterius)  of  which  is  the  thinner  and  longer  of  the  two  :  while 
the  anterior  (labium  anterius),  although  projecting  less  from  its  vaginal  attachments, 
is  lower  in  position,  so  that  when  the  tube  is  closed  both  lips  come  into  contact  with 
the  posterior  wall  of  the  vagina.  These  borders  or  lips  are  smooth  in  the  nullipara, 
but  after  parturition  they  frequently  become  irregular,  and  are  sometimes  fissured 
or  cleft. 
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T  .    peritoneum  which  covers  the  dorsal  surface  of  the  body  of  the  uterus  is 

1  on  to  the  supra-vaginal  pari  of  the  cervix  as  far  down  as  the  place  of 

hment  of  the  vagina,  from  which  i1  passes  on  to  the  posterior  vaginal  wall. 

On  the  ventral  surface,  the  peritoneum  covering  the  anterior  surface  of  the  body 

,,f  ,,  usually  reflected  on  to  the  bladder  at  about  its  junction  with  the 

x,  bo  thai  the  corresponding  surface  of  the  cervix  is  uncovered  by  peritoneum. 

ontacl  with  the  bladder.     In  consequence  of  the  peritoneum  not 

o  low  "ii  the  ventral  as  on  the  dorsal  surface  <>l  the  uterus,  only  one 


Rectum 


Bladdt  r 


Sacrum 


Hi  ft  a  in 


Uterus 


Cavum  Douglasi 

I  '!•  rim  hlood-vessels 
Wall  of  rectum 


Orificium  crt.  uliri 
Ureter 

Vaginal  plexus  of 

vein* 


IOITTAJ     3ECTIOK    "I     Mil     PELVIS    OB    A    WOMAN    AGKD    THIRTY-SIX    YEARS,    MADE    3    CM. 
i   '      HSDIAB  li  UTH    i\n   viewed   FROM  THE  MEDIAN   ASPECT.      Two-thirds  natural 

i.  Bj  mington.) 

1-  displaced  towards  the  right  side,  bat  the  fundus  more  than  the  cervix.     In  con- 
"f  tho  distension  of  the  bladder  the  uterus  was  pushed  backwards  so  that  it  projected  into  the  right 
pararectal  space. 

of  peritoneum  pa-ses  outwards  from  the  side  of  the  cervix  to  the  pelvic  wall. 

In  front  oft:  ■    the  m  iTi  no  ait  cry  courses  inwards  to  the  lateral  aspect  of  the 

irrounded  by  a  plexus  of  uterine  veins — all  these  vessels  being  invested  by 

isue,   which   is  described  as  forming  the  ligament  of  Mackenrodt.1 

ther  l  imposed  of  fibrous  and  muscular  tissue  and  known  as  the  utero-sacral 

from  the  sacrum  to  the  posterior  part  of  the  lateral  aspect  of  the 

Lateral  to  this  ligament,  the  pelvic  splanchnic  branches,  from 

1  pi'  0  the  uterus,  vagina,  and  bladder.     About  2  cm.  lateral  to 

es  forwards  and  downwards  to  reach  the  bladder. 

Cavity  of  the  uterus.     The  walls  of  the  uterus  are  of  great  thickness,  and  the 

mal  u.  path.  Lagen  des  Uterus,'  Areh.f.  Oynaekologie.,  Bd.  xlviii.,  1895. 
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cavity  is  thus  proportionately  much  reduced  in  size.  The  part  within  the  body  is 
triangular  (fig.  262),  and  flattened  from  before  backwards,  so  that  its  anterior  and 
posterior  walls  touch'each  other  (fig.  259).  The  base  of  the  triangle  is  directed 
upwards,  and  is  convex  towards  the  interior  of  the  uterus.  The  cavity,  narrowing 
gradually,  is  prolonged  into  its  two  superior  angles,  at  each  of  which  it  leads  by  a 
minute  foramen  into  the  narrow  canal  of  the  uterine  tube.  At  the  junction  of 
the  body  and  the  neck,  the  cavity  is  slightly  constricted,  and  thus  forms  what  is 
named  the  orificium  internum  uteri ;   this  opening  is  often  smaller  than  the  external 


Fig.  262. — Outlines  of  moulds  of  the  uterine  cavity  in  different  states.    Natural  size. 

(After  F.  Guyon.) 

A,  in  a  virgin  of  seventeen  years  of  age  ;  B,  in  a  woman  of  forty-two  years,  who  had  not  borne  children  ; 
C,  in  a  woman  of  thirty-five  years,  who  had  borne,  children,  b,  cavity  of  the  body  :  c.  that  of  the  cervix ; 
i,  the  orificium  internum  uteri;  o,  orificium  externum  uteri;  t,  passage  of  the  upper  angle  into  the  tuba  uterina. 


orifice,  and  is  of  a  circular  form.  That  portion  of  the  cavity  which  is  within  the 
neck  is  tubular  and  slightly  flattened  before  and  behind  ;  it  is  somewhat  dilated  in 
the  middle,  and  opens  interiorly  into  the  vagina  by  the  orificium  externum  uteri. 
Its  inner  surface  is  marked  by  two  longitudinal  ridges  or  columns,  which  run — 
one  on  the  anterior,  the  other  on  the  posterior  wall ;  and  from  both  of  which,  rugee 
are  directed  obliquely  upwards  on  each  side,  so  as  to  present  an  appearance  which 
has  been  named  arbor  vitas,  or  plicce  falmake  (fig.  262)  :  this  structure  is  most 
strongly  marked  anteriorly. 

Position  of  the  uterus. — The  question  as  to  the  normal  position  of  the  uterus 
is  one  that  gave  rise  to  much  controversy,  and  regarding  which  very  contradictory 
statements  were  made  ;  but  there  is  now  a  general  agreement  amongst  anatomists 
and  clinicians  that  the  uterus  does  not  occupy  any  definite  fixed  position,  but 
possesses  a  considerable  range  of  mobihty  :  the  chief  factors  that  influence  its  position 
being  the  condition  of  the  bladder  and  rectum.  If  both  bladder  and  rectum  be 
distended,  the  uterus  lies  between  and  in  contact  with  these  two  organs,  and  the  long 
axis  of  the  uterus  is  approximately  parallel  to  the  axis  of  the  part  of  the  pelvic 
cavity  in  which  it  is  situated.  The  ventral  surface  of  the  uterus  generally  remains 
in  contact  with  the  bladder  (hence  the  term  facies  vesicalis) ;  so  that  during 
micturition  the  uterus  moves  downwards  and  forwards,  and  when  the  bladder  is 
empty   the   fundus   is  directed   forwards,  and  the  ventral    surface  more  or  less 
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rewards     a   position  described  as  ante-version  of  the  uterus.     This 

the  body  and  fundus  much  more  than  the  cervix,  and  hence 

the  ventral  surface  becomes  concave    that  is,  the  uterus  is  ante-flexed.    The  usual 

ni  the  uterus,  with  the  bladder  empty,  is  thus  one  of  ante-flexion 

.uhI  :i.  and  the  dorsal  surface  is  in  contact  with   the    convolutions 

<>{   tin   jejuno-ileum,  and  the   pelvic  colon  (fades  intestinalis).     As  the  bladder 
.    urine,   the    body   and    fundus  are    pushed   upwards  and  backwards, 
until,  if  the  bladder  be  fully   distended,  the  upper  part   of  the  uterus  comes  to 
ear  the  Bacrum     usually  in  one  or  other  of  the  pararectal  spaces — and  the 
organ   to   be  directed  from  above  downwards  and  forwards 
a).     While  retro  version  may  be  a  normal  position,  a  bending  back- 
ward- of  the   uterus  upon  itself  (retro-tlexion)  must  be  regarded  as  pathological. 
The  uterus  l-  seldom  quite  median  in  position,  and  it   often  is  slightly  rotated 
on  its  own  axis.     The  unimpregnated  adult  uterus  is  situated   entirely  in  the 
true  pelvis.    The  lowesl   pari  ol  the  cervix  is  usually  a  little  above  the  level  of  a 
uniting  the  lower  border  of  the  pubic  symphysis  with  the  tip  of  the  coccyx, 
and  the  pari    of  the  uterus  generally  lies  above  a  horizontal  plane  corre- 

Bponding   to  the  top  of  the  pubic  symphysis.     There  are  considerable  individual 
variations  in  the  height  of  the  uterus,  mainly  depending  on  the  degree  of  thickness 
of  the  pelvic  floor,  and  its  level  is  markedly  influenced  by  the  condition  of  the  lower 
end  of  the  rectum — distension  of  this  portion  of  the  bowel   pushing  it  upwards 
and  forwards.     I  Gravity  has  also  some  influence  :  thus  in  the  erect  position  of  the 
trunk,  the  weighl  of  the  intestine,  and  the  intra-abdominal  pressure,  will  tend  to 
depress  the  uterus;    while  in  the  genu-pectoral  positiou.  and  the  vagina  opened, 
ii  moves  upwards  and  forwards. 
Lir.imcnts  of  the  uterus.  --The  reflexion  of  the  peritoneum  from  the  uterus 
e  bladder  is  called  the  utero-vesical  fold,  or  sometimes  the  anterior  ligament  of 
items.     Posteriorly,  as  we  have  already  seen,  the  peritoneum  passes  from  the 
:;  to  the  upper  part  of  the  vagina  before  being  reflected  backwards  to  the 
tectum,  thus  forming  a  recto-vaginal  ligament.     The  peritoneal  recess,  situated  in 
front  <>f  the   rectum,  and  behind  the  cervix  of  the  uterus  and  the  upper  part  of 
the  \  isually  termed  the  pouch  of  Douglas  (excavatio  recto-uterina).     Two 

semilunar  folds  of  peritoneum  covering  the  utero-sacral  ligaments  may  divide  this 
pouch  into  a  median  and  two  lateral  portions. 

Li-  amenta  teretes  uteri.— The  round   ligaments   are  two  flat,   cord- 
like bundles  of  fibres,  about  10  cm.  to  12  cm.  in  length,  attached  to  the  upper 
aneles  of  the  uterus,   one  on  either  side,  immediately  in   front  of  the  uterine 
A     each  ligament  proceeds  upwards,  outwards,  and  forwards  towards  the 
abdominal  inguinal  ring,  it  first  lies  Viet  ween  the  layers  of  the  broad  ligament 
•  iic ir  layer  into  a  more  or  less  prominent  fold,  and  then  ascends 
de  wall  of  the  pelvis  crossing  over  the  obliterated  hypogastric  artery, 
rnal   iliac   vessels,   and   the   psoas  muscle.     The  peritoneal  fold  which 
t  on  the  literal  wall  of  the  pelvis  is  continuous  with  that   on  the  front 
broad  ligament,  ami  separates  the  para-vesical  and  obturator  peritoneal 
i  nf  Waldeyer.     After  having  passed — like  the  spermatic  cord  in  the  male — 
•ill.   the   round   ligament  reaches  the  fore-part  of  the 
its  fibres  expand  and  become  united  with  the  substance 
Besides    areolar  tissue  and  vessels,  the  round  ligaments 
fly  in  th<  t  inner  third— plain  muscular  fibres,  which  are  prolonged 
cular  layer  of  the  uterine  wall.     Each  ligament 
I  from  the   peritoneum,  which,  in  the   young  subject, 
rm  of  a  t  ubular  process  for  some  distance  into  the  inguinal  canal ; 
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this,  which  resembles  the  processus  vaginalis,  originally  existing  in  the  same  situa- 
tion in  the  male,  is  named  the  canal  of  Nuck ;  it  is  generally  obliterated  in  the 
adult,  but  is  sometimes  found  even  in  advanced  life. 

The  round  ligament  of  the  uterus  is  derived  frorn  the  plica  inguinalis  of  the 
Wolffian  body,  which  in  the  male  forms  the  gubernaculum  testis. 

Lig'amentum  ovarii  proprium. — The  ligament  of  the  ovary  is  merely  a 
dense  fibro-areolar  cord  containing  some  uterine  muscular  fibres,  and  measuring 
from  2  cm.  to  3  cm.  in  length,  which  extends  from  the  lower  end  of  the  ovary 
to  the  upper  angle  of  the  uterus,  which  it  joins  immediately  below  and  behind  the 
point  of  attachment  of  the  uterine  tube. 

Lis  amentum  latum  uteri. — The  broad  ligaments  of  the  uterus  (fig.  247)  are 
formed  on  each  side  by  a  fold  or  double  layer  of  the  peritoneum,  which  is  directed 
from  the  lateral  border  of  the  uterus  to  the  side  wall  of  the  pelvis.  Between  the 
two  layers  of  the  serous  membrane  are  placed  the  uterine  tube,  the  round  liga- 
ment of  the  uterus,  the  ovarian  ligament,  the  epoophoron,  the  paroophoron,  and 
numerous  blood-vessels,  lymphatics,  and  nerves,  with  fibres  continuous  with  the 
superficial  muscular  layer  of  the  uterus.  The  ovary  is  attached  to  its  posterior 
aspect  at  the  white  fine  (see  Ovary) . 

The  broad  ligament  is  a  composite  structure,  and  may  be  conveniently  divided 
into  a  median  and  a  lateral  portion.  The  median  part  (mesometrium)  is  situated  at 
the  side  of  the  uterus  and  moves  with  this  organ,  so  that  when  the  uterus  is  ante- 
verted  its  two  layers  are  superior  and  inferior  and  its  free  border  is  anterior,  while,  as 
the  body  and  fundus  of  the  uterus  are  moved  upwards  and  backwards,  the  two 
layers  will  become  anterior  and  posterior  and  the  free  border  superior.  The  free 
border  contains  the  uterine  tube,  and  the  ligament  of  the  ovary  and  the  round 
ligament  of  the  uterus  give  rise  to  prominences  on  its  posterior  and  anterior 
surfaces  respectively.  The  lateral  portion  of  the  broad  ligament  is  attached  to 
the  side  wall  of  the  pelvis  in  front  of  the  ovarian  fossa  and  forms  two  secondary 
folds  :  one  connected  with  the  uterine  tube  (mesosalpinx)  and  the  other  with  the 
ovary  (mesovariuni).  The  mesosalpinx  is  irregularly  triangular  in  form,  with  the 
apex  towards  the  uterus.  It  is  attached  to  the  uterine  tube  and  its  ovarian 
fimbria,  the  mesovarium,  and  the  ligament  of  the  ovary.  When  spread  out,  it  is 
about  8  mm.  in  length,  and  its  maximum  breadth,  situated  at  the  junction  of  its 
outer  and  middle  thirds,  is  on  an  average  4  cm.  (Ballantyne  and  Williams).  It  is 
often  directly  continuous  with  the  suspensory  ligament  of  the  ovary.  Owing  to  its 
breadth,  the  ampulla  and  fimbriated  end  of  the  tube  have  a  considerable  range  of 
mobility.  The  mesovarium  is  a  short  fold  attached  to  the  anterior  border  of  the 
ovary,  and  serving  for  the  passage  of  various  structures  to  or  from  the  ovary. 

STRUCTURE   OF  THE   UTERUS. 

The  walls  of  the  uterus  consist  of :  (1)  an  outer  serous  coat  (tunica  serosa  or 
perimetrium),  (2)  a  subserous  coat  (parametrium),  (3)  a  muscular  coat  (tunica 
muscularis  or  myometrium),  and  (4)  a  mucous  membrane  (tunica  mucosa,  or 
endometrium).     There  is  no  submucous  coat. 

The  serous  coat,  which  covers  the  fundus  and  the  two  surfaces  of  the  body,  is  very 
smooth  and  firmly  adherent  to  the  subjacent  muscular  fibres.  At  the  back  of  the 
supra -vaginal  part  of  the  cervix,  it  is  less  firmly  attached,  and  may  be  thrown  into  a 
few  loose  folds.  The  subserous  coat  is  best  developed  round  the  cervix,  especially 
at  the  sides,  and  it  is  also  found  at  the  lateral  borders  of  the  body  of  the  uterus. 
The  muscular  coat  consists  almost  entirely  of  non-striped  fibres,  which  form  inter- 
lacing bundles  and  layers,  so  that  in  the  unimpregnated  uterus  their  separation  into 

vol.  n.  part  n.  lT 
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mpo     ble.     The  outer  part  of  the  muscular  coat  corresponds  to 

ordinary  muscular  coal    of    other  hollow  organs,  and    is  only  indistinctly 

rated  by  some  blood-vessels  bom  a  very  thick  musoularis  mucosas. 

Th«  muoous  tin  <   of  the  both/  of  the  uterus  is  smooth,  except  during  the 

menstrual  period,  and  in  the  onimpregnated  state  is  entirely  devoid  of  ridges ;  it  is 

liar  soft  Bpongy  consistence,  and  of  a  dull  reddish  colour,  and  very  vascular. 

ol  the  uterine  glands,  the  deeper  ends  of  which  are  embedded  in  the 

muscularis  mucosas.    The  glands  are  separated  by  a  considerable   amount  of 

inter  glandular  tissue.    The  epithelium  is  columnar  and  ciliated. 

The  mucous  membrane  of  th<  a  rvix  is  much  firmer  and  more  fibrous  than  that  of 
the  body.     Between  the  ruga?  of  the  pUca  pedmata  there  are  numerous  saccular  and 

tubular  glands.  In  the  lower 
part  of  the  cervix,  the  mucous 
membrane  is  beset  with  vascular 
papilla?,  and  the  epithelium  is 
stratified;  but  in  the  upper 
half  or  more  the  epithelium  is 
columnar  and  ciliated  like  that 
of  the  body.  The  glands,  which 
are  short,  with  a  large  lumen,  are 
everywhere  lined  with  columnar 
ciliated  epithelium — even  where 
the  epithelium  of  the  surface  is 
stratified.  Besides  the  follicular 
glands,  there  are  almost  constantly 
to  be  seen  the  so-called  ovula 
Nabothi — clear  yellowish  vesicles 
of  variable  size,  but  visible  to 
the  naked  eye,  embedded  in  the 
membrane.  These  probably  arise 
from  closed  and  distended  fol- 
licles ;  but  their  exact  nature  is 
st  ill  doubtful. 

During  pregnancy,  the  mucous 
glands  of  the  cervix  secrete  a 
considerable  quantity  of  tenacious 
mucus,  which  effectually  closes 
the  passage. 

The   surface   of   the    uterus, 
which  looks  towards  the  cavity 
of  the  vagina,  is  covered   with 
ratified  epithelium,  concealing  the  vascular  papilloo.    It  is  destitute  of  glands. 

inges  which  occur  in  the  uterine  mucous  membrane  in  connexion  with 

iirv  are  described  in  Vol.  II.,  Pt.  I.  of  this  work. 

Aiter  parturition,  the  uterus  gradually  but  rapidly  diminishes,  till  it  nearly 

tructure  of  the  onimpregnated  condition.  During  this  change, 

muscular  fibres  undergo  fatty  degeneration,  and  are  said  to  become 

bed,  while  a  new  set  of  fibre-cells  is  developed.     After  the  first 

e  organ  never  regains  its  original  virginal  character.     In 

Mren.  its  weight  usually  remains  from  two  to  three  ounces 

Vierordt)  ;  its  cavity  is  larger  (fig.  262,  C) ;  the  orificium 

Lore  rounded,  and  its  margins  often  puckered  or  fissured; 
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Flo.   263. — Tim  u    section  of  the  wall  OF 

MA    UTERI    OF    THE    RAIilllT.         (E.      A. 

#.,»•'  :    l.m.,  longitudinal  fibres  of  tho  muscular 

■     fibres  of    tho  same ;   a.,  areolar    I 
blood-veasels;     num.,    muscularis    mucosa?;    m., 

■ 


UTERUS 


291 


the  arteries  remain  much  more  tortuous,  and  its  muscular  fibres  and  layers  more 
denned  than  in  the  virgin. 

Peculiarities  according-  to  age. — -In  the  newly  born  infant,  the  neck  of  the  uterus  is  larger 
than  the  body,  and  also  much  firmer.  There  is  no  fundus  :  the  upper  end  of  the  uterus  not  forming 
a  convex  prominence  between  the  attachments  of  the  uterine  tubes.  The  cavity  is  narrow, 
there  is  no  distinct  interna]  os,  and  it  tapers  above  on  both  sides  so  as  to  present  an  approach 
to  the  two-homed  form  prevalent  in  animals.  The  plica'  palmatse  are  very  distinct,  and  reach 
to  the  highest  point  of  the  cavity.  At  this  period,  the 
uterus  is  usually  about  3  cm.  in  length.  It  grows  but 
slightly  from  birth  until  near  puberty,  at  which  period  it 
undergoes  a  rapid  and  marked  increase  in  size.  This 
growth  is  especially  marked  in  the  body,  which  at  the 
same  time  acquires  a  firmer  consistence,  while  its  mucous 
membrane  becomes  smooth.  The  cavity  remains  com- 
paratively narrow  in  all  women  who  have  borne  no 
children  (fig.  262,  B),  while  in  those  who  have  been 
pregnant  it  is  widely  triangular  (C).  In  old  age,  the 
uterus  atrophies :  it  becomes  paler  in  colour  and  harder 
in  texture,  and  its  external  orifice  frequently  becomes 
diminished  in  size. 

Varieties. — -The  uterus  is  subject  to  numerous 
congenital  defects  or  malformations — especially  in  con- 
nexion with  abnormal  conditions  of  the  other  genital 
organs.  Amongst  those  involving  the  uterus  may  be 
mentioned  its  more  or  less  complete  absence,  the 
occurrence  of  one  or  two  horns  at  its  upper  part,  and 
the  presence  of  two  distinct  cavities.  Such  cases  are 
obviously  due  to  an  imperfect  development  of  one  or 
both  Miillerian  ducts  or  then  incomplete  fusion. 
Occasionally,  the  uterus  retains  its  infantile  condition 
after  puberty. 


Fia.    264. — The     uterus    and     the 

LEFT   TUBA     UTERUTA    OF     A     GIRL 
AGED    THIRTEEN    YEARS.      Natural 

size.     (J.  Symington.) 

The  uterus  is  divided  in  the  median 
plane,  and  the  ovary  and  tube  viewed 
from  the  median  aspect. 


Blood-vessels,  lymphatics,  and  nerves. 
— The  arteries  of  the  uterus  are  four  in 
number :  namely,  the  right  and  left  ovarian 
(which     correspond    to    the     spermatic    of     the 

male)  and  the  right  and  left  uterine.  They  are  remarkable  for  their 
frequent  anastomoses,  and  also  for  their  singularly  tortuous  course.  After 
passing  a  short  distance  into  the  thickness  of  the  uterine  wall,  they  divide 
into  branches,  which  penetrate  the  muscular  tissue  of  the  mucous  membrane, 
supplying  it  with  capillaries,  and  then  pass  towards  the  inner  portion  of  the 
membrane  and  open  into  a  network  of  large  capillaries,  which  pervades 
the  tissue  in  that  situation,  and  is  especially  developed  near  the  surface  and 
around  the  glands.  In  the  cervix,  however — and  especially  in  the  vaginal 
portion — the  arteries,  which  in  this  situation  possess  walls  of  considerable 
thickness,  after  entering  the  mucous  membrane,  divide  into  a  number  of  small 
branches,  which  pass  directly  towards  the  surface  and  open  into  the  capillary 
network  there  present,  from  which  loops  pass  into  the  papillae.  The  veins  corre- 
spond to  the  arteries  ;  they  are  very  large,  and  form  plexuses  of  sinus-like  vessels, 
with  thin  walls  in  immediate  contact  with  the  uterine  tissue.  The  lymphatic 
vessels,  from  the  upper  part  of  the  uterus,  pass  outwards  in  the  broad  ligament  : 
are  joined  by  vessels  from  the  uterine  tube  and  ovary,  and,  ascending  with  the 
ovarian  blood-vessel,  end  in  glands  situated  in  front  of  the  abdominal  aorta.  A  few 
vessels  may  also  extend  along  the  round  ligament  of  the  uterus  to  the  superficial 
inguinal  glands.  Numerous  vessels  from  the  cervix,  terminate  in  lymphatic  glands 
on  the  side  wall  of  the  pelvis,  near  the  origin  of  the  hypogastric  and  external  iliac 
arteries.     A  gland  may  be  found  in  close  relation  to  the  side  of  the  cervix. 
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i   e  nerves  an  derived  bom  the  inferior  hypogastric  plexuses,  the  spermatic 
and  the  third  and.  fourth  sacral  nerves.    They  consist  of  both  medullated 
aon-medullated  fibres;    and  in  animals  small  ganglia  have  been  observed  in 
the  Bubmui  le,  connei  ted  with  1I10  non-medullated  fibres. 


VAGINA. 


The  vagina  is  a  dilatable  membranous  and  muscular  passage,  extending  from  the 

ibulum  vaginae  to  the  uterus,  the  nock  of  which  is  embraced  by  it.     It  passes 

with  a  alight  curve  from  above  downwards  and  forwards,  usually  nearly  parallel 

i"    the   plane   of  the  pelvic  inlet,  but  tending  to  become  more  horizontal  with  a 


Rectus  abdomiii is 
Perivesical  fat 

Bladder 

Orificium  urethral  internum 
Ori/icium  ureteris 

Ureter 

Labium  anterius  uteri 
Lateral  fornix  of  vagina 
Vaginal  plexus  of  veins 
Post,  wall  of  vagina 

Cavum  Douglasi 


<  Rectum 


CTIOH  TIir.OfCH  THE   BLADDER,  VAGINA,  POUCH  OF  DOUOLAS,  AND    RECTUM.       (J.   Symington.) 

Thi«  ami  figures  2Gfi.  "267,  and  26S  arc  from  a  scries  of  sections  of  the  pelvis  of  a  well-developed  but  rather 
lale,  aged  twenty. fi.  The  sections  passed  from  before  backwards  and  somewhat  downwards. 

Both  the  arteries  and  veins  were  injected.     All  these  figures  are  reduced  one-half. 

Tho  section  shown  in  fig.  265  passed  immediately  below  the  reflexion  of  the  peritoneum  from  the  anterior 

inal  wall  on  t.i  tin-  Madder,   md  was  2  cm.  above  the  pubic  symphysis.     Tho  bladder  was  opened  close 

to  it*  upper  surface,  and  the  labium  anterius  divided  immediately  below  the  orificium  externum  uteri.     The 

uterus  was  antcvcrted.and  rested  upon  the  bladder  with  its  fundus  close  to  the  anterior  abdominal  wall.    The 

ravum  !  was  occupied  by  intestine,  and  the  rectum  was  situated  to  the  right  of  the  median  plane. 


aded  bladder,  and  more  vert  kal  when  the  lower  part  of  the  rectum  is  loaded. 

aa  varies  in  shape  in  different  parts  of  its  course.     The  middle  portion  is 

"<1  so  i  hat  it  a  cavil  y  f<  arms  a  1  ransverse  slit,  with  the  anterior  and  posterior 

walls  in  i  266).     This  slit  gradually  increases  in  breadth  from  below 

but  on  an  average  measures  about  4  cm.    At  its  upper  end,  the  vagina 

a  circular  tube  to  embrace  the  lower  part  of  the  cervix.     The  groove 

»und  the  cervix  is  known  as  the  vaginal  fornix,  and  is  divided  for  descriptive 

and  rigbl  and  left  lateral  fornices.    The  widest 

lateral  fornices,  where  it  measures  about  5  cm. 

i  ;  up  on  the  cervix  uteri,  behind  than  in  front,  so  that  the 

nterior  wall  (see  fig.  259).    The  lower  part  of  the 

srd  from  side  1  o  side,  resembling  the  letter  H,  on  transverse  section 
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(see  fig.  268).      The  prominences  on  the  anterior  and  posterior  walls  of  the  lower 
part  of  the  vagina,  known  as  the  anterior  and  posterior  columnse  rugarum,  terminate 


Subcutaneous  fat 
Heches  abdominis 

Perivesical  fat 


Muscular  coal  of  bladder 

Obturator  interims  muscle 

Urethra 

Fat  between  f.  pelvis' and 

f.  endopelvina 
Vagina 

Vaginal  plexus  of  veins 
Arcus  tendineus  fascice  pelvis 
Rectum 

Ischio-coccygeus  muscle 
Recto-coccygeus  muscle 

Fat  of  ischio-rectal  fossa 

Gluteus  maximus 

Fourth  coccygeal  vertebra 

Fig.  266. — A  section  through  the  bladder  wall,  urethra,  vagina,  and  rectum.     (J.  Symington.) 
The  urethra  was  divided  just  below  the  orificium  urethra  internum,  and  is  shown  embedded  in  the  bladder 
wall.     The  posterior  wall  of  the  vagina  was  7  cm.  long,  and  it  is  cut  almostly  exactly  in  the  middle  of  its 
length  ;   while  the  anterior  vaginal  wall  is  divided  12  mm.  below  the  anterior  fornix  vagina;. 


Mons  pubis 


Symphysis  pubis 
Retro-pubic  fat 

Pubo-vesical  ligament 

Urethra 

Vagina 

Pubo-analis  muscle 
Obturator  internus  muscle 

Anal  canal 

Pudendal  vessels  and  nerve 
External  sphincter  muscle 
Ischio-rectal  fat 
Gluteus  maximus 

Natal  sulcus 


Fig.  267. — A  section  through  the  urethra,  vagina,  and  anal  canal.     (J.  Symington.) 
The  urethra  was  4  cm.  long,  and  it  is  here  divided  2-5  cm.  below  the  orificium  urethra  externum  ;    while 
the  vagina   is  cut   about  1-5  cm.  from  its  opening  into  the  vestibulum  vagina;  portion  of  tho  rima  pudendi. 
The  anal  canal  is  exposed  near  its  upper  end. 

just  above  the  hymen,  and  the  two  lateral  portions  of  the  H-shaped  cavity  come  in 
contact  with  one  another,  so  that  the  vagina  forms  a  median  cleft,  where  it  opens 
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v  into  the  vestibule.    The  lower  end  of  the  anterior  column  forms  a  prominence, 
termed  the  carina  urethralis  The  anterioT  wall  of  the  vagina  is  about  6  cm. 

in  length  and  the  posterior  8-5  i  m. 

■     ■  \  Contribatiou   to  the  Morphology  of  the  Human  DrogenitaJ  Tract,'  .four. 

txv.)  main  tains  thai  the  lower  third  of  the  vagina,  distinguished  by  the 

.  rived  from  the  lower  ends  of  the  Wolffian  ducts  and  the  urogenital 

sinus,  while  the  upper  two-thirds  is  Mullerian  in  origin.      .Many  embryologiste  consider  that 

the  whole  oi  the  vagina  is  derived  from  the  Mullerian  ducts.     Hyatt  ('A  Contribution  to  the 

Prosl  ite  Gland  in  the  Human  Female,  and  a  Study  of  the  Homologies  of 

the   Urethra  and  Vagina  of  the  Sexes,'   Jour.  Anat.  and  Phy«.  vol.   xlw,   1911)   holds  that 
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Labium  ma  jus 
Rima  pudendi 

J'rceputium  clitoridis 
Glans  clitoridis 
Corpus  clitoridis 
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1  rus  clitoridis 

Pubic  arch 

Urethra 

Vagina 

Bulbo-i  •!)■■  rnosiu  muscle 

Bulbui  vestibuli 

Perineal  body 
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Anal  canal 
Internal  sphincter 
External  sphincter 
Ischio-rectal  fat 
Natal  sulcus 

Gluteus  maximus 


nos    ndtouoB  Tin  .  vestibular  bulbs,  urethra,  vagina,  and  axal  canal. 

(J  .  Symington.) 
i    ,  are  divided  just  above  their  openings  into  the  rima  pudendi.     The  vestibular 
interiorly  with  a  narrow  mass  of  rudimentary  cavernous  tissue — the  partes  intermedia 
•     which  join  the  clitoris.     The  section  is  below  the  main  mass  of  the  corpus  clitoridis,    which  is 
iiited  corpora  cavernosa. 


.  irly  in  thi  history  oi  the  female  embryo,  the  Mullerian  and  Wolffian  ducts  open  into  the 
urethra,  and  the  vagina  is  formed  as  a  diverticulum  from  the  inferior  wall  of  the  coalesced 
Mullerian  dm 

Relations.     In  front,   the   vagina    is   in   relation  with   the  bladder,   and 

connected   by  loose  areolar  tissue  to  the  bladder,  but  intimately 

ded  with  the  urethra   to  form  a  urethro-vaginal  septum.    The  two  ureters, 

after  passing  forwards  and  downwards  lateral  to  the  cervix  uteri,  turn  down- 

id  inwards,  and  pierce  the   bladder  wall  in  front  of  the  lateral  fornices 

■u.a.     Their  openings  into  the  bladder  are  at  about  the  same  horizontal 

as  the  anterior  lip  of  the  external  orifice  of  the  uterus,  and  the  urethral 

bladder  is  opposite    near  the  middle  of  the  anterior  vaginal  wall, 

e  oi  the   bladder  rests  against  the  upper  half  of  the  vaginal 

\vnal  wall  is  usually  covered  in  about  its  upper  fourth  or 

.in.  forming  the  excavatio  recto-uterinct,  or  pouch  of  Douglas. 

■  i     attached  to  the  anterior  wall  of    the   rectum.      In    the 

of  their   extent,  the  sides   of    the  vagina  are  in  relation  with 
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the  vaginal  plexuses  of  veins,  loose  areolar  tissue  and  fat  separating  them  from 
the  lateral  walls  of  the  pelvis.  Opposite  the  junction  of  the  middle  and  lower 
thirds,  the  two  levatores  aiii  pass  backwards,  lateral  to  the  vagina  and  to  the  anal 
canal,  to  unite  in  the  ano-coccygeal  body,  very  few  fibres  turning  inwards  behind 
the  vagina.  These  two  muscles  act  as  sphincters  of  the  vagina — mainly  by  pulling 
forwards  the  anal  canal  and  pressing  it  against  the  posterior  vaginal  wall.  At  the 
lower  end  of  the  vagina,  the  vestibular  bulbs  separate  the  sides  of  the  vaginal  orifice 
from  the  pubic  arch  (see  fig.  268). 

Structure  — The  walls  of  the  vagina  are  composed,  from  without  inwards,  of  a 
fibrous,  a  muscular,  and  a  mucous  coab ;  a  submucous  coat  is  absent.  The  fibrous 
coat  forms  a  sheath  for  the  vagina,  connects  it  with  adjacent  structures,  and  invests 


)  C 


Murrey 

Fig.  269. — Coronal  section  of  pelvis  of  female,  aged  fifty-four  years,  passing  through  bladder, 

vagina,  and  perineal  body-.     (J.  Symington.) 

B.,  brim  of  true  pelvis  ;  I.T.,  ischial  tuberosity  ;  o.L,  obturator  interims  ;  O.F.,  obturator  fascia  ;  L.A., 
levator  ani ;  p.b.,  perineal  body  ;  A.W.,  anterior  vaginal  wall ;  bl.,  trigone  of  bladder.  The  transverse 
black  line  below  A.w.  represents  the  cavity  of  the  vagina. 

its  blood-vessels  and  nerves.  The  muscular  coat,  which  is  continuous  above  with 
the  muscular  fibres  of  the  uterus,  is  thin,  and  composed  of  non-striped  muscular 
fibres  arranged  rather  indistinctly  into  an  internal  circular  and  an  external  longi- 
tudinal layer.  The  mucous  membrane  is  of  greyish-red  colour,  and  is  firmly 
attached  to  the  muscular  coat.  On  the  anterior  and  posterior  walls,  a  slightly 
elevated  ridge  extends  from  the  lower  end  upwards  in  the  middle  line,  forming  the 
columns  of  the  vagina,  or  columnce  rugarum.  Numerous  dentated  transverse  ridges, 
called  rugai,  are  also  observed — particularly  in  persons  who  have  not  borne  children 
— running  at  right  angles  from  the  columns.  These  columns  and  rugoe  are  most 
evident  near  the  entrance  of  the  vagina  and  on  the  anterior  surface,  and  gradually 
become  less  marked  and  disappear  towards  its  upper  end,  except  during  infancy, 
when  the  rugse  extend  to  the  upper  end  of  the  vagina.  The  free  surface  is  covered 
by  numerous  layers  of  stratified  epithelium,  and  the  sub-epithelial  tissue  has  papillae 
and  numerous  elastic  fibres,  but  no  glands — or  extremely  few. 

Blood-vessels,  lymphatics,  and  nerves.— The  vagina  is  largely  supplied 
with   vessels   and    nerves.      The   arteries   are  derived   from    branches  of  the 
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.-  ric  :  namely,  the  •■'.  internal  pudendal,  vesical,  and  uterine.  The  veins 

■  A:   bul   they  first   surround  the   vagina  with  numerous  branches,  and 

form  ai  each  Bide  a  plexus,  named  the  vaginal  plexus. 

The  lympl         easels,  from  the  greater  part  of  the  vagina,  ascend  with  those 

fruii:  rvix  of  1  he  uterus  to  terminate  in  I  be  lymphatic  glands  on  the  side  walls 
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IXTION-    OP   VAGINA    OF   MONKEY,    LOWER   PART.       (F.    H.    A.    Marshall.) 

pithdinm;  b,  mucous  membrane;  c,   muscular   coat,  the  fibres    cut  across:  d,  a  nerve 
ganglion  ;  d  e.  an  artery  ;  /,  fat-cells. 

Ivia,  bul  the  lymph  from  the  lower  end  of  the  vagina  passes  into  the 
inguirj  i  glands. 

•  nerves  are  derived  from  the  hypogastric  plexus  of  the  sympathetic,  and 
u  by  the  vaginal  branches  of  the  pudendal  plexus. 

nost  important  malformation  of  the  vagina  is  its  more  or  less  complete 

is  due  ...  the  same  cause  as  a  double  uterus:  namely— failure  of 

As  a  care  abnormality,  may  be  mentioned  the  non-union  of 

M  ullerian  ducts ;  so  that  while  the  uterus  and  the  npper  part  of  the 

divided.     Congenital  obliteration  of  the  lumen 
rt  of  the  vagina  sometimes  occu- 
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HYMEN   FEMININUS. 

The  hymen  is  a  thin  vascular  fold  of  mucous  membrane,  which  is  situated  at  the 
vaginal  orifice,  and  narrows  this  opening  so  that  it  will  usually  only  admit  the  little 
finger  ;  hence  it  is  generally  regarded  as  evidence  of  a  virgo  intacta. 

It  usually  forms  an  annular  membrane,  much  broader  behind,  where  it  is 
attached  just  above  the  fossa  navicularis,  than  in  front,  where  it  arises  about 
5  mm.  to  10  mm.  behind  the  urethral  orifice.  The  fold  projects  towards  the 
exterior,  and  is  compressed  from  side  to  side,  and  the  opening  appears  as  a 
vertical  slit  bounded  by  lateral  lips,  the  vaginal  surfaces  of  which  are  in  close 
apposition.1  It  is  only  when  it  is  exposed  by  forcible  separation  of  the  lateral 
walls  of  the  pudendal  cleft  that  it  appears  as  an  annular  or  a  crescentic  fold 
with  the  edges  projecting  inwards.  Its  free  edge  is  usually  smooth,  but  some- 
times notched — hymen  fimbriatus.  In  rare  cases,  the  hymen  forms  a  complete 
partition  between  the  vagina  and  vulva,  giving  rise  to  the  condition  known  as 
;  imperforate  hymen.'  It  has  been  described  as  occasionally  cribriform,  and  even 
in  some  cases  as  entirely  absent.  The  small  rounded  elevations  called  carunculcB 
myrtiformes,  found  in  women  who  have  borne  children,  are  probably  the  remains 
of  the  hymen.  The  vaginal  surface  of  the  hymen  shows  a  few  folds  continuous 
with  the  rugae  of  the  vagina,  and  the  vestibular  surface  is  smooth. 

The  structure  of  the  hymen  is  similar  to  that  of  the  mucous  membrane  of  the 
vagina. 

Various  views  are  held  with  reference  to  the  origin  of  the  hymen :  thus  it  has  been  described 
as  being  derived  (1)  from  the  vaginal  wall,  (2)  from  the  urogenital  sinus,  and  (3)  from  both 
these ;  the  upper  layer  of  the  fold  being  vaginal,  and  the  lower  urogenital  (pudendal).  For 
a  full  discussion  and  the  literature  of  this  question,  see  Berry  Hart,  '  A  Preliminary  Note  on 
the  Development  of  the  Clitoris,  Vagina,  and  Hymen,'  Jour.  Anat.  and  Phys.,  vol.  xxxi.,  1896  ; 

F.  J.   Taussig,  '  The  Development  of  the  Hymen,'   Amer.  Jour.  Anat.,  vol.  viii.,  1908  ;  and 

G.  Gellhorn,  'Anatomy,  Pathology,  and  Development  of  the  Hymen,'  Amer.  Jour.  Obst.,  vol.  1. 


URETHRA    MULIEBRIS. 

The  female  urethra  {urethra  muliebris)  extends  from  the  bladder  downwards  and 
forwards,  in  front  of,  and  parallel  to,  the  lower  half  of  the  vagina,  and  ends  below 
by  opening  on  to  the  roof  of  the  pudendal  cleft  as  the  oriftcium  urethrce  externum. 
It  is  about  4  cm.  in  length,  and,  except  during  micturition,  is  closed  by  the  apposition 
of  its  walls.  The  shape  of  its  lumen  on  transverse  section  varies  at  different  levels, 
and  is  also  affected  by  the  degree  of  contraction  of  its  muscular  wall.  Near  the 
upper  end,  the  shape  is  usually  crescentic,  with  the  convexity  forwards,  owing  to  a 
prominence  on  the  posterior  wall,  which  extends  downwards  from  the  vesical  orifice, 
and  is  known  as  the  crista  urethralis.  About  the  middle,  it  may  appear  as  a  trans- 
verse slit  about  6  mm.  in  breadth,  or  may  exhibit  a  distinctly  stellate  form.  Near 
its  lower  end,  it  forms  a  vertical  slit,  and  its  orifice  has  the  same  appearance,  with 
distinct  lateral  lips.  The  mucous  membrane,  along  the  whole  extent  of  the  urethra, 
is  thrown  into  fine  longitudinal  folds,  which  are  obliterated  on  distension.  The 
tube  can  be  distended  to  admit  a  speculum  14  mm.  in  diameter  without  causing 
permanent  incontinence. 

The  vesical  orifice  is  generally  situated  about  1  cm.  below  a  horizontal  line 
prolonged  backwards  from  the  top  of  the  pubic  symphysis,  and  4  cm.  to  6  cm.  behind 
the  upper  border  of  this  joint,  being  pushed  forwards  (and  also  upwards)  during  the 

i  C.  J.  Cullingworth,  '  Note  on  the  Anatomy  of  the  Hymen  and  that  of  the  Posterior  Commissure  of  the 
Vulva,'  Jour.  Anat.  and  Phys.,  vol.  xxvii.,  18U3. 
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q  of  the  rectum.  As  the  puhic  symphysis  inclines  downwards  and  back- 
wards,  and  the  urethra  downwards  and  forwards.  I  hey  tend  to  approach  one  and  her, 
and  ih-'  urethra  is  often  only  about  1  cm.  behind  the  lower  pari  of  the  symphysis. 

.    usually  placed  from  1  cm.  to  2  cm  below  the  lower  edge   of  the 

physis. 

Structure  and  relations  of  the  urethral  wall.     The  urethra  has  a  firm 

h  wall  about  6  nun.  in  thickness,  which  blends  posteriorly  with  the  anterior 

oalwall  to  forma  urethro-vaginal  septum,  while  in  front  it  is  separated  from  the 

pnbes  by  fascia,  fat,  and  a  plexus  of  veins.    A  strong  layer  of  fascia  passes  from  the 

,t  of  tli-'  posterior  surface  of  the  symphysis  and  adjacent  portions  of  the 

pubic  bones,  backwards  in  the  upper  part  of  the  urethral  wall,  forming  on  each  side 

rior  true  ligament  <>f  the  Madder.     The  pars  intermedia  of  the  clitoris  lies 

anterior  to  tin-  lower  end  of  the  urethra.     On  each  side  of  the  urethra  is  a  plexus  of 

and  uear  its  external  <.i iiice  these  are  replaced  by  the  vestibular  bulb.     The 

pubic  part  of  tin-  levator  am  passes  backwards,  lateral  to  the  urethral  wall,  a  little 

below  its  middle,  but  separated  from  it  by  fascia  and  veins  (see  fig.  207). 

The  wall  of  the  urethra  consists  of  a  mucous,  a  submucous,  and  a  muscular  coat. 

The  mucous  membrane  is  white  and  covered  with  a  stratified  squamous  epithelium, 

pt   near  the  bladder,  where  it  is  transitional.     It  contains  a  number  of  small 

or  lacuna?,  and  also  numerous  .small  acinous  glands,  which  are  homologous 

witli  the  glands  of  the  prostate.     The  ducts  of  two  of  the  glands  pass  downwards. 

and  open  on  the  posterior  part  of  the  external  orifice  ;  they  are  known  as  the  ductus 

or  Skene's  tubes.1    The  loose  submucous  coat  contains  a  cavernous 

\  enous  network.     The  muscular  coat  consists  of  an  inner  longitudinal  and  an  outer 

circular  layer  of  non-striped  fibres,  and  some  striped  fibres,  which  extend  along 

ly  the  whole  length  of  the  anterior  wall,  but  are  only  found  towards  the  upper 

part  of  the  posterior  wall. 

The  vessels  and  nerves  of  the  female  urethra  are  very  numerous,  and  are 
derived  from  the  same  sources  as  those  of  the  vagina. 

I  ui  di  urethra  i-  usually  considered  to  correspond  to  that  part  of  the  male  urethra  which 

1-  lr> -in  tin-  vesical  orifice  to  the  openings  of  the  utricle  and  ejaoulatory  ducts  into  the 

•:..n.      Kvatt  -    found   in  a   three-and-a-half  months'  female  fetus,  that  glands, 

ponding  to  those  of  the  prostate  at  the  .  extended  along  the  whole  length  of  the 

■    i  ..  and  the  coalesced  Mullerian  ducts  and  the  Wolffian  ducts  entered  the  middle 

f  the  urethra.     Be,  therefore,  holds  that  the  female  urethra  is  homologous  with  the  whole 

•  f  the  prostatic  portion  of  the  male  urethra. 


PAETES    QENITALES    EXTERX.E. 

■   pudendum,  or  vulva,  is  a  general   term  for  the  female  partes  qenitales 

It  includes  the  labia  majora  and  minora,  certain  masses 

■   forming  the  clitoris,  the  vestibular  bulbs,  and  the  small  and  large 

;    —all  of  which  lie  in  relation  with  a  deep  median  pudendal  cleft,  or 

genitalis.    The  superficial  part  of  the  external  genitals  forms  a  keel-shaped 

ted  in  front  of  the  pubic  symphysis,  and  extending  backwards  into 

I  the  perineum.     The  prominence  is  about  6  cm.  or  7  cm.  broad 

and'  bout  3  cm.  behind.     It  is  separated  on  each  side  from  the 

■  the  thigh  by  a  deep  groove  (sulcus  ft  morogenitaUs),  which,  in  front, 

tun  i  outwards  towards  the  inguinal  ligament  and, 

i     portant  Glands  oi  the  Female  Urethra,'  American  Journal 
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behind,  curves  outwards  to  become  continuous  with,  the  gluteal  fold.  This  genital 
eminence  is  formed  by  the  mons  pubis  and  the  two  labia  majora,  between  which 
is  the  rima  pudendi  (see  fig.  271). 

The  mons  pubis  {mons  Veneris)  is  an  eminence  situated  in  front  of  the  pubic 
symphysis,  and  formed  by  a  mass  of  areolar  and  adipose  tissue  covered  by  skin 
provided  with  numerous  hairs.      It  is 

continuous   above    with    the    anterior  ^„.....~-----   

abdominal  wall,  the  junction  of  the 
two  being  usually  marked  by  the 
cessation  of  the  pubic  hair.  Below, 
in  passes  into  the  two  labia  majora, 
and  is  described  as  forming  their 
anterior  commissure. 

The  labia  majora  (labia  majores 
pudendi)  are  two  rounded  folds  of 
skin,  extending  downwards  and  back- 
wards from  the  mons  to  within  2  cm. 
or  3  cm.  of  the  anus,  and  separated 
from  one  another  by  the  rima  pudenda. 
Each  labium  has  an  outer  convex  sur- 
face resembling  ordinary  skin,  covered 
with  hairs,  and  an  inner  smooth  surface 
of  a  pinkish  colour,  which  lies  against 
the  opposite  labium.  Within  the 
substance  of  the  fold,  there  is  found — 
besides  fat,  vessels,  nerves,  and  glands 
— a  tissue  resembling  that  of  the  dartos 
in  the  scrotum  of  the  male,  to  which 
the  labia  majora  correspond.  The 
labia  majora,  by  their  contact,  generally 
conceal  the  other  parts  of  the  external 
genitals  ;  not  infrequently,  however,  in 
old  persons,  the  labia  minora  project 
forwards  between  the  labia  majora,  so 
as  to  be  visible  externally.     They  are 

usually  described  as  uniting  in  front  and  behind  to  form  an  anterior  and  a 
posterior  commissure  ;  but  the  prominences  they  form,  as  a  rule,  gradually  dis- 
appear posteriorly,  and  do  not  turn  inwards  to  form  a  distinct  transverse  fold. 

The  labia  minora,  or  nymphao.  are  two  narrow  pendulous  folds  of  skin,  one 
on  the  inner  surface  of  each  labium  majus.  From  their  attached  borders,  they 
extend  downwards,  having  their  outer  surfaces  in  contact  with  the  labia  majora, 
and  their  inner  surfaces  against  one  another.  Anteriorly,  each  labium  divides  into 
two  branches  :  the  upper  of  which  joins  the  prepuce  of  the  clitoris,  and  the  other  its 
glans.  Posteriorly,  the  labium  minus  may  end  by  gradually  blending  with  the  inner 
surface  of  the  labium  majus,  but  in  some  cases  it  can  be  traced  backwards,  until  it 
becomes  continuous  with  a  transverse  fold  of  skin,  situated  at  the  anterior  edge  of 
the  perineum,  and  known  as  the  fourchette,  or  frenulum  labiorum  pudendi.  The 
nyrnphse  and  fourchette  resemble  one  another,  and  differ  from  the  labia  majora  in 
being  devoid  of  fat. 

In  young  subjects,  the  labia  minora  are  of  a  rose-red  colour,  and  look  like  a 
mucous  membrane  ;  but  as  age  advances,  they  become  darker  in  colour  and  more 
like  skin. 


Fig.   271. — View  of  the   external  genitals  of 
adult  female.     (J.  Symington.) 

1,  right  labium  majus;     2,  mons  pubis;    3,  right 
natis. 
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]•  ia  beld  by  some  thai  the  labia  majora  turn  inwards,  posteriorly,  to  form  a 

■  f  skin,  which  ia  regarded  as  forming  the  fourchette,  or 

I  ii.     Luschka  i/'      Be  ken,  L864,  fig.  tz.)  was  apparently  the  first 

ation  t..  the  fan  that  the  labia  minora  were  occasionally 

prolonged    backwards    to    join    the 

fourchette.     Ballantyne  ('The  Labia 

x^m^t^k^k^^.     \  majora  and  Hymen,'  Edinburgh  Med. 

Jour.,  1888),  Cullingworth  ('A  Note 
<ni  the  Anatomy  of  the  Hymen  and 
of  the  Posterior  Commissure  of  the 
Vulva,'  Jour.  Anat.  and  Phys.,  vol. 
xxvii.,  1893),  and  Blacker  ('  Some 
Observations  on  the  Topographical 
Anatomy  of  the  Fourchette,'  Jour. 
Anat.  and  Phys.,  vol.  xxx.,  189C) 
agree — mainly  as  the  result  of  clini- 
cal observations — that  the  fourchette 
ought  to  be  considered  as  the 
posterior  part  of  the  labia  minora. 
The  presence  of  a  posterior  com- 
missure uniting  the  labia  majora 
is  very  rare,  and  it  is  certainly 
incorrect  to  represent,  as  some  have 
done,  the  fossa  navicularis  as  being 
situated  between  the  posterior  com- 
missure and  the  fourchette. 

Erectile  tissue. — All  the  parts 
of  the  vulva  are  abundantly  supplied 
with  blood-vessels ;    and   in  certain 
situations    there    are    masses    com- 
posed of  venous  plexuses,  or  erectile 
tissue,  corresponding  to  those  form- 
ing the  penis  in  the  male.      These 
masses   are    the  corpora   cavernosa 
and  glans  of  the   clitoris,  the  pars 
intermedia,  and  the  vestibular  bulbs. 
The  clitoris,  the  homologue  of 
the    penis,    is     an    erectile     organ 
composed  of  two  corpora  cavernosa, 
a    glans,     and     a     pars-intermedia. 
The  corpora  cavernosa  are  separated 
behind,   where  they   constitute  the 
E  the  i  litoris,    but   they    unite    in    front    to     form    its    body.      Each 
firmly  attached   to   the   inner    aspect    of  the   pubic   arch,  superficial 
ia   inferior,   and    is   covered   by   the    ischio-cavernosus,    or    erector 
In  the   body  of  the  clitoris,  the   two  corpora  cavernosa  are 
eir    Battened  inner  surfaces,   the   fibrous   septum   between 
forme)    beiDg   incomplete.      The  body  is  fixed  by  a    small 
i  the  front  of  the  symphysis  pubis,  from  which  point  it 
-'  'in.,  and  then  turns  sharply  downwards  and  back- 
t  the  base  of  the  glans.     The  glans  is  composed  of 
liith  forms  the  ext  remity  of  the  clitoris  and,  as  in  the  male, 
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vTin.     (J.  Symington.) 

1.   labium  .'.  labium  minus  ;    3,    prcputium 

I,  .  men  ;  6,    fourcbi  tte  :    7. 

.  ••■  ci  jK-rine.il  body  ;  'J.  opening  of 

rtholin;   a.,  amis.     Dotted   lme  to 

«hov  Itf  pelvis;    U.S.,  great 
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possesses  a  free  surface  ending  at  its  base  in  a  corona.  This  free  surface  is 
imperforate,  highly  sensitive,  and  surrounded  superiorly  by  a  membraneous  fold — 
like  the  prepuce  of  the  penis — while  below,  it  gives  attachment  to  a  small  frrenum. 
The  prepuce  and  framum  are  continuous  with  the  labia  minora. 

The  pars  intermedia  is  a  slender  elongated  mass  of  erectile  tissue,  which  passes 
backwards  from  the  glans  nearly  to  the  external  orifice  of  the  urethra,  where  it 


Fig.  273. — Transverse  section,  passing  from  above  downwards  and  slightly  backwards,  through 

the  anterior  part  of  the  pelvis  of  a  woman  aged  fifty-four  years,  seen  from  the  front. 

Natural  size.     (J.  Symington.) 

b,  bladder,  cut  across  about  half  an  inch  in  front  of  urethral  orifice,  1  ;    e,  external  orifice  of  urethra 

forms   a  vertical  slit  on  a  slight  prominence  ;    a,  opening  of  left  ureter  ;   v.c,    pudendal  cleft ;   V,  anterior 

wall  of  urethra ;    v.b.,  vestibular  bulb :    c,  crus   clitoridis ;    B.C.,    bulbo-cavemosua    muscle ;    i.e.,    ischio- 

cavernosus  muscle  ;    L.M.,  labium  majus  ;   l.mi.,  labium  minus  ;    p.a.,  pubic  arch ;   O.I.,  obturator   interims 

muscle  ;   x.,  on  fascia  inferior  diaphragmatis  urogenitalis. 


separates  into  two  lateral  portions,  which  become  continuous  with  the  vestibular 
bulbs.  It  lies  just  below  the  body  of  the  clitoris  and  in  the  roof  of  the  pudendal 
cleft.  The  clitoris  differs  from  the  penis  in  being  much  smaller  a^nd  in  not  being 
traversed  by  a  urethra.  In  consequence  of  its  small  size,  it  is  concealed  within  the 
pudendal  cleft,  and  the  upper  and  lateral  surfaces  of  its  body  are  usually  embedded 
in  the  fat  of  the  lower  part  of  the  mons  pubis.  If  the  clitoris  be  somewhat 
enlarged,  or  the  fat  of  the  mons  pubis  small  in  amount,  the  dorsal  surface  of  the 
anterior  part  of  the  body  of  the  clitoris  forms  a  prominence  called  the  torus  clitoridis. 


I  •  K - "    I  N  I  1  \l.    SYS]  I M 


bibular  bulbs  an1  two  oval   masses  of  erectile  tissue  about  3  cm.  long 

,|.  w  hi.  ;  •  mucus  in  front  with  the  pars  intermedia,  and  pass 

backwards  and  outwards  lateral  to  the  Lower 

cf  the  vagina,  urethra,  and  the  adjacent 

portimi    of    the   pudendal    cleft.     Each   bulb 

overed    on    its    lateral     aspect    by    the 

esponding  bulbo-raveniosus  muscle,  which 

separates  it    from  the  pubic  arch. 

The  urogenital  space-  or  pudendal 
cleft-  is  a  median  fissure,  which  opens 
below  on  to  the  surface  between  the  two  labia 
majora,  and  receives  at  its  upper  part  the 
orifices  of  the  urethra  and  vagina.  The 
superficial  part  of  this  cleft  is  bounded  by 
the  inner  surfaces  of  the  two  labia  majora 
and  the  rima  pudenda,  which  lies  between 
them;  is  limited  in  front  by  the  anterior 
commissure,  but,  behind,  passes  over  the 
perineal  body  to  become  continuous  with  the 
cleft  between  the  buttocks.  Deep  to  this 
part  of  the  cleft  are  the  glans  clitoridis,  with 
its  prepuce  and  frsenum,  the  labia  minora,  and 
fourchette.  Between  these  structures  and  the 
0]  iiices  of  the  urethra  and  vagina  is  the  vesti- 
bule :  the  part  just  below  the  vaginal  orifice 
being  often  called  the  vestibulum  vagina1,  and 
the  recess  between  the  hymen  and  the  four- 
chette  the  fossa  navicularis.  The  more  superficial  part  of  the  space,  bounded  by 
the  labia  majora  ami  minora,  is  lined  by  skin,    and  the  deeper  part  by  mucous 


I  II  \v  OB  THE  1  RKl  III  1 
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in  i  r i  Kol 

been  inj    ted, 

•kin      and      maCOOS     inc 

.     (7.    bulbus  vestlliuli  ; 

pan  interi 

dorsal  vein ;  /.  n.  toridis;  m,  vesti- 

bule .  llaria  major. 
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THE     ERE.  Til  I       9TRUI  0]      THE     EXTERNAL     ORGANS     IN     THE     FEMALE. 

Prom  Kobelt.) 

'•  ,,,ll:  '•  :    -.  t,  venous  plexus  or    pars    intermedia;    /,    glans 

:        !     ein  of  tfai    clitoris;    fe,  veins  passing  beneath  the  pubes ;   I,  the 

•ntinuous   with    the   mucous    membrane   of   the  urethra 
o   Berry    Hart,  the  line  separating  skin  from   mucous 
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membrane  runs  from  just  below  the  prepuce  of  the  clitoris,  backwards,  on 
each  side  along  the  base  of  the  inner  aspect  of  the  labium  minus,  to  the  outer 
aspect  of  the  base  of  the  hymen.  The  mucous  membrane  is  smooth,  reddish  in 
colour  ;  is  covered  by  a  scaly  epithelium,  and  is  provided  with  a  considerable  number 
of  mucous  crypts  or  follicles,  and  with  glands  (glanduke  vestibularis  minores),  which 
secrete  an  unctuous  and  odorous  substance.  Sebaceous  glands  are  found  beneath 
the  prepuce  and  upon  the  labia  majora  and  minora.  Fine,  downy  hairs  can  be 
seen  on  the  inner  aspect  of  the  labia  majora,  but  none  on  the  labia  minora. 

The  g-landulae  vestibularis  majores  (Bartholin's  or  Duverney's  glands, 
fig.  274,  n),  corresponding  to  Cowper's  glands  in  the  male,  are  two  reddish-yellow, 
round  or  oval  bodies,  measuring  about  10  mm.  to  12  mm.  in  the  longest  diameter, 
and  situated  at  the  posterior  end  of  the  vestibular  bulbs.  Sometimes  some  of  their 
lobules  project  into  the  bulbs,  and  they  may  be  broken  up  into  several  lobes  by 
bundles  of  fibrous  and  muscular  tissue.  Their  ducts,  which  are  long  and  simple, 
open  one.  on  each  side,  a  little  in  front  of  the  fossa  navicularis,  by  the  side  of  the 
vaginal  orifice,  in  the  groove  between  the  attached  border  of  the  hymen  and  the 
labium  minus  (Cullingworth).  As  a  rule,  the  orifices  of  these  ducts  can  be 
distinctly  recognised  with  the  naked  eye. 

Blood-vessels,  lymphatics,  and  nerves. — Arteries. — The  external 
genitals  are  supplied  almost  entirely  by  branches  of  the  internal  pudendal  arteries, 
but  some  small  branches  go  to  the  labia  majora  from  the  external  pudendal  and 
anterior  labial  branches  of  the  femoral  arteries.  The  erectile  tissue  receives  on 
each  side  an  artery  to  the  vestibular  bulb,  and  a  deep  and  a  dorsal  branch  to  the 
clitoris  from  the  internal  pudendal.  The  venous  blood  is  returned  through  the 
pudendal,  vesical,  and  vaginal  plexuses  to  the  hypogastric  vein,  and  by  the  anterior 
labial  and  external  pudendal  veins  into  the  femoral  vein.  Most  of  the  lymphatic 
vessels  from  the  external  genitals  pass  to  the  superficial  inguinal  glands,  but  some 
go  to  the  glands  on  the  side  wall  of  the  pelvis.  The  sensory  nerves  to  the  skin  and 
mucous  membrane  of  the  external  genitals  are  mainly  derived  from  branches  of  the 
pudendal  nerves  (second,  third,  and  fourth  sacral) ;  the  second  sacral  probably 
supplying  the  clitoris,  the  third  the  posterior  part  of  the  labia  majora,  and  the 
fourth  the  perineum.  The  skin  of  the  nions  pubis,  and  the  anterior  part  of 
the  labia  majora,  get  their  nerve-supply  from  the  first  and  second  lumbar  nerves, 
through  the  ilio-inguinal  and  genito-femoral  nerves.  The  muscles  of  the  external 
genitals  are  supplied  by  the  pudendal  nerves,  while  the  blood-vessels  going  to 
the  erectile  tissue  are  accompanied  by  vaso-motor  fibres  of  the  sympathetic. 

Varieties. — The  external  genitals  in  the  female  may  exhibit  a  more  or  less  marked  tendency 
to  resemble  those  of  the  male,  giving  rise  to  the  condition  known  as  pseudo-hcrmaphroditismiis 
femininus.  The  clitoris  is  large  and  prominent,  and  the  external  opening  of  the  urogenital 
sinus  is  small,  while  the  ovaries  may  have  descended  into  the  labia  majora.  Duplicity  of  the 
female  genitals  is  usually  limited  to  the  uterus  and  vagina,  but  in  rare  cases  may  also  involve  the 
ext?rnal  genitals  (see  Gemmell  and  Paterson,  '  Duplication  of  Bladder,  Uterus,  Vagina,  and 
Vulva,  with  Successive  Full-tirne  Pregnancy  and  Labour  in  each  Uterus,'  Journal  of  Obstetrics 
and  Gi/nmcology  of  the  British  Empire,  January  1913).  A  form  of  epispadias  is  met  with  in 
the  female  as  a  very  rare  abnormality.  In  epispadias  the  clitoris  and  its  prepuce  are  divided, 
and  the  urethral  opening  is  found  between  the  two  halves. 


mammm. 

The  mammary  glands  (mammce),  which  yield  the  milk  in  the  female,  arc 
functionally  accessory  parts  to  the  reproductive  system,  while  from  their  position 
and  development  they  ai'e  anatomically  appendages  of  (lie  integumentary  system. 
They  give  a  name  to  a  large  class  of  vertebrate  animals  (Mammalia),  which  are 
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:  by  the  po  of  these  organ-.     In  the  human  subject,  as  in 

■  isifll  of  one  pair,  which  arc  pectoral  in  position. 

Shape  and  position.    -When    fully  developed    in  the   human  female,  they 

■  r  with  the  integuments  and  a  considerable  quantity  of  fat,  two  uneven 

inical  eminences  (the  breasts),  placed  one  at  each  side  on  the 

I  of  th<-  thorax  (fig.  -'77).     A  little  below  the  centre  of  each 

id  a  level  with  the  fourth  rib,  or  slightly  lower,  projects  a  small  cylindrical 

d  body,  oamed  tin-  nipple  [papiUa  mamma),  which  points  forwards  and 

.ml  often  somewhal  upwards. 

h  gland  is  situated  in  the  superficial  fascia,  and  extends,  in  a  vertical  line 

through  its  nipple,  from  the  second  to  the  sixth  or  seventh  rib.  and  in  a 


-I'I--ECTION    OF   THE    LOWEK    HALF    OF    THE    FEMALE    MAMMA    DURING    THE    PERIOD    OF    LACTATION. 

Two-thirds  natural  size.     (Lusckka.) 

a,  a,  a,  undirected  part  of  the  mamma;    1,  papilla  mammae  :    2,  areola;    3,  subcutaneous  masses  of 
fit;   4,  loculi  in  the  connective  tisane  uliich  supports  the  glandular  substance;    5,  three  lactiferous  ducts 
sing  towards  the  nipple  where  they  open  ;    6,  one  of  the  sinuses  or  ampullse  ;    7,  some  of  the  glandular 
■  which  have  been  unravelled  ;    7\  others  massed  together. 


■  J   line,  through  the  same  structure,  from  a  little  external  to  the  lateral 

•  mum,  opposite  the  third  intercostal  space,  to  the  fourth  intercostal 

ewhal   in  fronl  <>f  the  mid-axillary  line.    The  gland  measures  about 

to    I J  cm.  from  above  downwards,  a  little  more  across,  and  about  3  cm. 

•  i.  in  thickness  opposite  its  most  prominent  part. 

weighl  "i  each  gland  in  the  virgin  is  from  150  grms.  to  200  grms.  ; 

100  grms.  to  500  grms.  (Testut  |. 

adult  nullipara,  the  superficial  or  cutaneous  surface  of  the  gland  is  convex, 

t.i  tin-  presence  "I  numerous  irregular  processes  passing  towards 

■'  them  are  united  by  bands  of  connective  tissue — the 

1      'per.1     Lobules  of  fat  occupy  the  intervals  between 

lool      forwards   and  outwards.     The  posterior  or 

smooth  and  concave,  and  lies  in  (lose  contact  with  the 

nected  by  loose  cellular  tissue  generally  devoid 

'  On  the  Anatomy  of  the  Breast,  London,  1840. 
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of  fat.  The  upper  and  median  portion  of  this  surface,  comprising  about  two-thirds 
of  its  whole  extent,  lies  upon  the  pectoralis  major;  external  to  this  muscle,  the 
posterior  surface  rests  on  the  axillary  fascia,  which  separates  it  from  the  serratus 
anterior,  and,  lower  down,  it  is  in  relation  with  the  digitations  of  the  serratus  anterior 
and  external  oblique,  which  arise  from  the  fifth  and  sixth  ribs.1  The  median  half 
or  so  of  the  circumference  of  the  gland  is  thin  and  not  sharply  defined,  but  breaks 
up  into  numerous  irregular  processes,  which  branch  and  unite  to  form  a  reticular 


Third  rib 
Right  lung  - 
Pectoralis  major  muscle  - 
Pectoralis  minor  muscle 

Axillary  border  of  gland 

Serratus  anterior  -" 
Lymphatic  gland  -* 


Fig.  277. — From  a  horizontal  section  of  the  thorax  of  a  girl,  aged  fourteen  years,  showing  the 
right  mammary  gland  divided  at  the  level  of  the  nipple.     Two-thirds  natural  size.     (J.  Symington.) 

The  patient  died  of  pericarditis,  and  the  pericardial  effusion  had  displaced  the  right  lung  laterally. 


formation  enclosing  lobules  of  fat.  The  stroma  of  the  peripheral  processes,  where 
the  gland  tissue  ceases,  becomes  directly  continuous  with  the  connective-tissue 
framework  of  the  adjacent  fat  lobules. 

The  lateral  half,  on  the  other  hand,  is  thick  and  rounded,  and  separated  from 
the  adjacent  fat  by  a  well-marked  layer  of  fibrous  tissue  (fig.  277).  Occasionally, 
small  processes  of  the  gland  penetrate  the  deep  fascia,  and  are  found  embedded  in 
the  subjacent  muscular  tissue. 

Structure  of  the  papilla  mammae  or  nipple. — The  surface  of  the 
nipple  is  dark,  and  around  it  there  is  a  coloured  circle  or  areola  mammce,  within 
which  the  skin  is  also  of  a  darker  tinge  than  elsewhere.  In  the  virgin,  these  parts 
are  of  a  rosy  pink  colour,  differing  somewhat  according  to  the  complexion  of  the 
individual,  but  they  are  always  darker  in  women  who  have  borne  children.  Even 
in  the  second  month  of  the  first  pregnancy,  the  areola  begins  to  enlarge  and  acquires 
a  darker  tinge;  these  changes  go  on  increasing  as  gestation  advances,  and  are 
regarded  as  signs  to  be  relied  on  in  judging  of  suspected  pregnancy.  After  lactation 
is  over,  the  dark  colour  subsides,  but  never  entirely  disappears.     The  skin  of   the 

i   H.  J.  Stiles,  'The  Surgical  Anatomy  of  the  Breast  and  Axillary  Lymphatic  Glands,'  Edinburgh  Medical 

Journal,  1882. 
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nipple  is  marked  with  many  wrinkles, 
and  is  covered  with  papilla' ;  besides 
this,  it  is  perforated  at  the  tip  by 
al >< >ut  twenty  foramina,  which  are  the 
openings  of  the  lactiferous  ducts ;  and 
near  its  base,  as  well  as  upon  the 
surface  ol  I  be  areola,  there  are  scattered 
rounded  elevations,  which  arc  caused  by 
the  presence  of  well-marked  sebaceous 
glands  with  branched  ducts-  four  or 
five  of  which  open  on  each  elevation. 
The  sudoriferous  glands  of  the  areola 
are  also  large  and  much  convoluted, 
hut  there  are  no  sudoriferous  glands 
in  the  nipple  proper,  nor  are  there 
any  hair  follicles.  The  tissue  of  the 
nipple  contains  a  large  number  of 
vessels,  together  with  much  plain 
muscular  tissue,  and  its  papillae  are 
highly  sensitive;  it  becomes  firmer 
and  more  projecting  from  mechanical 
excitement — a  change  caused  by  con- 
traction of  the  muscular  fibres,  which 
form  concentric  circles  round  the  base 
of  the  nipple,  and  radiating  bands 
running  from  base  to  apex.  There  is  a 
quantity  of  plain  muscular  tissue  in 
the  subcutaneous  tissue  of  the  areola. 

Structure  of  the  mamma. — 
The  mamma  is  composed  of  glandular 
tissue,  supported  by  a  connective- 
tissue  stroma,  in  which  the  blood- 
vessels, lymphatics,  and  nerves  ramify. 
It  also  comprises  a  greater  or  less 
amount  of  adipose  tissue.  The  relative 
amount  and  distribution  of  these  con- 
stituents varies  considerably  according 
to  the  age  of  the  individual,  and 
whether  the  gland  is.  has  been,  or 
has  not  been,  functionally  active.  In 
t  he  adult  nullipara,  the  gland  is  usually 
a  firm,  conical  mass,  with  its  apex  at 
the  nipple.  This  part  is  called  the 
corpus  mammae;  from  it,  peripheral 
processes  extend  in  various  directions. 
I  fnder  t  he  nipple  and  areola,  t  he  stroma 
i-  entirely  devoid  of  fat,  but  towards 
the  circumference  a  few  fat  lobules 
may  lie  embedded  in  it.  The  stroma 
of  the  peripheral  processes,  where  the 
gland  tissue  ceases,  becomes  directly 
continuous  with    the  connective-tissue 
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framework  of  the  adjacent  fat 
lobules.  At  puberty,  the  gland 
appears,  on  external  examination, 
to  be  well  developed  ;  but  it 
really  consists  mainly  of  stroma 
and  excretory  ducts — the  true 
secreting  acini  being  few  in 
number.  During  pregnancy  and 
lactation,  the  gland  tissue  proper 
undergoes  a  marked  develop- 
ment, and  the  stroma  is  relatively 
reduced  in  amount,  so  that  on 
section  the  gland  presents  to  the 
naked  eye  a  close  resemblance  to 
a  salivary  gland.  After  the  period 
of  functional  activity  is  ended,  the 
gland  returns  by  a  process  of 
involution  to  its  resting-stage,  but 
it  does  not  regain  the  appearances 
it  exhibited  before  pregnancy. 
Thus  the  main  compact  mass  of 
the  gland  or  corpus  mammae  is 
less  distinct,  and  its  stroma  is 
looser  and  contains  numerous 
fat  lobules,  while  the  peripheral 
processes  are  larger  and  have  a 
more  extensive  distribution.  A 
layer  of  fat  of  greater  or  less 
thickness  is  now  usually  found  be- 
tween the  gland  and  thedeep  fascia. 

After  the  menopause,  the 
appearance  of  the  gland  varies 
according  to  the  general  condition 
of  the  subject.  Thus  in  thin 
women  it  forms  a  somewhat 
flattened  disk,  which  comes  into 
close  relation  both  with  the  skin 
and  the  subjacent  muscles  ;  while 
in  obese  women,  the  mamma  is 
composed  mainly  of  fat,  the 
stroma  investing  the  parenchyma 
forming  a  wide  open  meshwork, 
except  in  the  immediate  vicinity 
of  the  nipple. 

The  glandular  substance  of 
the  mamma  consists  of  numerous 
distinct  lobes  (lobi  mammce) ,  which 
may  be  as  many  as  twenty  in 
number,  held  together  by  firm 
intervening  fibrous  or  areolar 
tissue,  and  having  adipose  tissue 
penetrating  between  them.     Each 
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Fiq.  279. — Horizontal  section  of  the   mammary  gland 

at    the    level  of    the    nipple    in     a    m  i'l.tii'ahous 

FEMALE,    AGED    FORTY   YEARS.       Natural  size.       (Still's.) 

The  specimen  was  tivatuil  in  the  same  way  as  that  shown 
in  fig.  278. 

m.s,  sinus  or  ampulla  of  milk-duct  ;  k.m.i.  retro-mammary 
fat ;   other  letters  as  in  fig.  278. 
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,,(  these  1"  provided  \\  i 1 1  >  an  excretory  duct,  and  is  subdivided  into 
smaller  lobes,  and  these  again  into  the  lobules  (lobuli  mamma),  which  are  beset 
with  the  alveoli.  Bach  lobe  is  practically  a  distinct  gland,  although  the  lobes  come 
into  contacl  with  one  another.  Sometimes,  besides  the  principal  lobes, 
small  accessory  lobes  or  glands  arc  met  with  near  the  base  oi  the  nipple.  The 
lobuli  ted  from  one  another  in  the  human  su I ij cit  l>y  a  large  quantity  of 
areolar  tissue  (fig  281  The  interlobular  tissue  contains  numerous  plasma-cells. 
The  Bubstance  oi  the  lobules  is  oi  a  pale  reddish  cream-colour,  contrasting  with  the 
adjacenl  fat,  and  is  rather  firm.  The  excretory  ducts,  named  the  lactiferous  ducts, 
ike  the  h'lies,  aboul  twenty  in  number;  they  converge  towards  the  areola 
beneath  which  they  becom nsiderably  dilated,  especially  during  lactation,  so  as 


77. 


7r; 


in 


k   ■    ,  -  ■--  -■"'■'■-    -.       / 


i 
... 


,  ../v. 


^?:- 


•'      Tbansn  iion  of  thi:  mpim.k.     (Testut.  after  de  Sinety.) 

iona  of  lactifi  ro  ls  dui  '-.  «>tli  (e)  columnar  epithelium  :  b,  connective  tissue  ;   m,  m',  plain  muscular 
t  longitudinally  and  I  [*    lively;    r,  blood-vessels. 


to  form  ampulla  or  sinus  lacliferi,  aboul  12  mm.  long  and  6  mm.  wide  (fig.  276), 
small  temporary  reservoirs  for  the  milk.     At  the  base  of  the  nipple, 

■-'••in  reduced  in  size,  are  assembled  together — those  in  the  centre 

the  largest     and  then  proceed,  side  by  side,  surrounded  by  areolar  tissue  and 

111,1  without  communicating  with  each  other,  to  the  summit  of  the  nipple, 

op<  n  by  separate  orifices  ;  these  orifices  are  seated  in  little  depressions, 

han  the  ducts.     The  walls  of  the  ducts  are  composed  of  areolar 

I  and  circular  elastic  fibres,  bul  without  muscular  tissue, and 

layer  of  columnar  cells,  except    near  their  orifices,  where  the 

and  stratified.     In  the  virgin,  the  alveoli  are  occupied  by 

>u1  dm  mil'  lactation  they  are  distended,  and  have  large  lumina, 

ire  filled  with  milk.     Alter  lactation  is  over,  the  glandular 

ion,  bul  -till  remains  more  abundant  than  in  the  virgin 

id    to   become    relaxed    and    pendulous  by  frequent 
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lactation,  especially  in  warm  climates.  The  skin  over  the  breasts  beyond  the 
areola  is  smooth  and  usually  very  white. 

In  the  adult  male,  the  mammary  gland  and  all  its  parts  exist,  but  quite  in  a 
rudimentary  state,  the  gland  itself  measuring  only  from  15  mm.  to  20  mm.  across, 
and  about  4  mm.  thick.  Occasionally,  the  male  mamma — especially  in  young 
subjects — enlarges  and  gives  out  a  thin  watery  fluid  ;  and,  in  rare  cases,  it  has 
secreted  milk. 

Blood-vessels,  lymphatics,  and  nerves. — The  arteries  which  supply 
the  mammary  glands  are  the  external  mammary  and  some  other  branches  of 
the  axillary  artery,  the  internal  mammary  from  the  subclavian,  and  the  subjacent 
inter costals. 

The  arteries  end  in  a  rich  network  of  capillaries  around  the  alveoli  and  in 
cavernous  or   erectile  tissue  in  the  nipple.     The  veins  generally  correspond   to 
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Fie.  281.— Section  of  mammary  gland  of  female  during  lactation.     (Testut,  after  de  Sinety.) 
a,  lobule  of  gland  ;  b.  acini  lined  by  cubical  epithelium  ;  c.  duct  ;  /.  connective-tissue  stroma. 


the  arteries,  but  those  on  the  surface  of  the  gland  are  not  usually  accompanied  by 
arteries.  The  lymphatics  within  the  mammary  gland  form  plexuses  in  the 
connective  tissue  around  the  alveoli  and  ducts.  There  are  also  lymphatics,  which 
accompany  the  blood-vessels  in  the  gland,  and,  as  elsewhere,  the  smpller  blood-vessels 
have  usually  a  single  accompanying  lymphatic  vessel  of  much  larger  calibre  than 
the  artery  itself,  while  the  sheaths  of  the  larger  vessels  contain  two  or  three 
lymphatics  (Stiles).  These  perivascular  lymphatics  conmiunicate  freely  with  those 
around  the  lobules  and  ducts  of  the  gland.  In  addition  to  the  intramammary 
lymphatics,  there  are  four  other  sets  of  vessels  connected  with  the  mammary 
lymphatic  system:  namely — cutaneous,  subareolar  of  Sappey,  circum-mammary,  and 
retro-mammary.  The  lymphatics  from  the  inner  part  of  the  gland  pass  with  the 
perforating  branches  of  the  internal  mammary  artery  to  join  the  small  sternal 
glands  situated  along  the  course  of  this  vessel.  On  the  outer  side  of  the  gland 
the  vessels  are  much  larger,  and  unite  to  form  two  or  three  principal  trunks  which 
pass  to  lymphatic  glands  in  the  axilla.  The  nerves  proceed  from  the  anterior 
and  lateral  intercostal  cutaneous  branches.  They  pass  partly  to  the  glandular 
substance  and  blood-vessels,  partly  to  the   skin.      In  the  nipple,  many  of  them 
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•     tile  corpuscles  within  the  papilla?,  and  some  of  those  in  or  near  the 
areola  enter  Pa<  muni  corpus*  les. 

Development   <.i   tin    mammary   sianti.     The  Bret  rudiment  of  the  mammarj   gland 

t]     taring  (milk-line  or  ridge)  of  the  epithelium  on  the  ventro-lateral  aspecl 

ride  of  the  trunk  between  the  fore-  and  hind-limbs.     This  thickening  was  described 

i„  B   human  embryo  abonl  Lfi  mm.  long,  bj    Kallius  c  Km  Kail  von  Milchleiste 

■ oschlichen  Embryo,'  A,,„t.  II, fu.  11. ft  24.  Is'.iS).  and  it    lias  since  been  observed 

,  embryos:  foi  instance,  by  C.  Elza  (Anal  Hefte,Esit  10G),  in  one  9*5  mm.  long. 

thickening  grows  downwards  and  Bpreads  laterally,  so  as  to  form  a  lens-shaped  mass,  which 

,  becomes  Bunk  below   the  general  surface.     Prom  this  common  invagination,  there  are 

ths  of  the  epithelium  into  the  oorium— one  for  each  lobe  of  the  future  gland. 

,-  in  other  racemose  glands,  I me  branched,  and  their  branches  end 

in  enlargements. 

The  formation  of  these  sprouts  goes  on  until  birth  ;   but  the  development  of  glandular  alveoli 
(r,,m  t lit-tti  d  until  the  approach  of  puberty,  in  the  female,  and  in  the  male  not  at 

all.     Tie-  projection  of  the  nipple  from  the  rest  of  the  mammary  area  does  not  begin  until  about 
,l„  ,  after  birth  :   within  it.  a  large  amount  of  plain  muscular  tissue  becomes  formed. 

The  remainder  ot  the  mammarj  an  a  becomes  the  areola.     As  the  nipple  grows,  it  carries  the 
ducts  of  the  various  lobes  of  the  -land  with  it.  so  that  they  open  on  the  surface  by  separate 

orifi 

The  subsequent  growth  of  the  -land  is  comparative^  tardy.  At  the  third  or  fourth  year 
..f  infant  y,  there  is  little  or  no  difference  in  male  and  female  children.  The  fuller  development 
of  the  -land  in  the  female  occurs  only  towards  puberty.  It  is  probable  that  during  the  later 
period  of  pregnancy,  not  onlj  do  the  alveoli  increase  in  size,  but  new  alveoli  may  bud  laterally 
from  the  pre-existing  ones,  and  that  after  lactation  some  of  the  alveoli  may  become  atrophied 
:  diss  ppear. 

Morphology.     The    mammary  glands   are    generally  considered    to  belong   to  the  type 

sudoriferous  glanch     both  arising  as  divergent  forms  of  a  primitive  tubular  -land.   Sebaceous 

•   .    ■      ■    been  observed  opening  into  the  duets  of  mammary  glands,  and  from  this  fact  it 

been  suggested  by  some  that  the  mammary  glands  arc  modified  sebaceous  glands.     In 

oidna,and  in  the  Marsupialia,  hair  follicles,  sebaceous  glands,  and  mammary  glands  are  formed 

prouts  from  the  primary  epithelial  downgrowth,  but  the  hair  follicles  and  their  associated 

I  aids  tend  to  atrophy  and  disappear.     Eggeling  ('  Ueber  ein  wichtiges  Stadium  in  der 

Bntwiokelung   der  menschlichen    Milchdruse,'  Anat.   Anzeig.,  Bd.   xxiv..   1904)  has  recorded 

in  example  of  a  somewhat  similar  condition  in  a  human  embryo.     The  occasional  association 

of  man  baceous  ducts    is   apparently  due  to    the-   atrophy  of  the  hair  follicles. 

enbaur  considered  that   the  mammary  organs  had  a  diphyletic  origin:   the  milk  glands  of 

aithorhyni  hue  and  Echidna  being  modified  sweat-glands,  and  those  of  all  the  higher  mammals 

1  indl  :    but  a  more  extended  knowledge  of  the  development  of  the  mammary  glands 

in  different  mammalian  groups  would  appear  to  demonstrate  the  fact  that  they  all  belong  to 

the  -a me  i  \  ]M'.     In  the  t  trnithorhyni  hue,  and  probably  also  in  the  Echidna,  there  are  no  teats. 

in  i-  discharged  on  to  a  Hat  surface  by  a  number  of  separate  openings.      In  the 

ian  subjet  t,  the  ducts  terminate  separately  at  the  summit  of  the  nipple  ;  while  in  the  majority 

of  placenta]  mammal-.  thej  open  at  the  base  of  the  nipple  into  a  common  duet,  by  which  the 

i  d  through  the  nipple  on  to  the  surface.     The  number  and  position  of  the  teats 

del    ■  d   ,i  iii  jin-  from  one  to  ten  or  eleven  pairs,  and  being  pectoral  in  some  mammals. 

Jin  others;   while  in  ■  bend  along  the  whole  length  of  the  ventral  surface  of 

iik. 

v.ni.  ties.     Entire  absence  of  both  glands  and  nipples  isveryrare;    a  few  such  instances. 

ecorded  in  otherwise  normally  developed  individuals.     Thus  W.  Wylie  (' Case 

of   both   Manmi:c  in  a    Female,  aged  Twenty-one    Years.'   Brit.    Med.  Jour.. 

condition.     A  small  mole  existed  where  the  right  nipple 

ated.    fnanothei  cs  ■    n  ported  by  Batchelor  ('  Absence  of  .Mamma'  in  a  Woman,' 

I.  \i..  p,  876),  the  usual  position  of  each  nipple  was  occupied  by  a  small 

It  may  be  a iated  with  absence  of  hair  and  an  atrophic  condition  of 

appendagt   .     Absence  of  one  mammary  gland  is  almost  as  uncommon 

isuallj  j    o  iated  with  an  imperfect  development  of  the  thoracic  wall 

lands  themselves  maj  be  well  formed,  but  the  nipples  absent.     Such 

the  papillary  elevation  of  the  skin  giving  rise  to  the 

1  lial  down-row th  from  which  the  -land  itself  is  formed. 

'  l.l. ci  die  erate  Anlage  tics  Milchdrusenapparates,'  Anat. 
t  in  the  embryo  of  various  mammals — such  as  the  cat,  rabbit,  and 
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mole — a  line  of  thickened  epithelium  is  formed  on  each  side  of  the  trunk,  extending  from  the 
axilla  downwards  and  inwards  to  the  groin.     It  is  at  intervals  along  this  line  that  the  mammary 
glands  are  developed  in  polvmastie  mammals  ;  and  in  the  great  majority  of  additional  glands  in 
the  human  subject  they  are  found  in  a  corresponding  position,  and  may  he  designated  axillary, 
pectoral,  abdominal,  inguinal,  or  pudendal  mammse.     The  supernumerary  mammary  structures 
are  usually  represented  by  the  nipple  only  (polythely) ;    but  in  some  cases  the  glandular  tissue 
is  well  developed  and  may  be  functionally  active  (polyiiiasty).     Most  of  the  cases  of  additional 
mammae  appear,  on  one  or  both  sides,  just  below  and  internal  to  the  normal  pair.     The  largest 
number  of  additional  glands  that  has  hitherto  been  recorded  is  eight.     In  this  instance,  which 
was  described  by  Neugebauer  ('  Eine  bisher  einzig  dastehende  Beobachtung  von  Polymastie 
mit  10  Brustwarzen,'  Centralbl.f.  Gynakologie,  1886),  in  a  woman  aged  twenty-three,  there  were 
three  pairs  of  nipples  above  the  normal  ones,  and  one  pair  below.     It  is  probable  that  in  this 
ease,  as  Roger  Williams  ('  Polymastism,'  Jour.  Anat.  and  Phys.,  vol.  xxv.,  1891)  suggests,  the 
two  nipples  below  the  normal  pair  did  not  represent  a  pair  of  glands,  but  single  examples  of 
two  pairs,  as  the  right  one  was  some  inches  higher  up  than  the  left.     If  such  be  the  case  there 
were  representatives  of  six  pairs  of  glands  in  this  woman.     Amnion  ('  Einige  Bemerkungen 
betrefiend  das  Vorkommen  der  uberzahligen  Brustwarzen  unci  die  Richtung  der  Korperhaare 
auf  der  Brust,'  Mitgetheilt  in  R.  W eider sh eim  :    Der  Bau  des  Menschen  ah  Zeugnixs  fur  seine 
Vergangenheit,  1893),  has  described  a  case  of  three  additional  pairs  of  nipples  in  a  man  aged 
twenty-two  years.     One  pair  was  placed  above  the  normal  nipples  on  the  anterior  folds  of  the 
axilla?,  another  near  the  lower  margin  of  the  chest  wall,  and  the  lowest  on  the  anterior  wall 
of  the  abdomen  above  the  level  of  the  umbilicus.     A  number  of  cases  of  axillary  mamma?  with 
nipples  have  been  recorded  :   sometimes,  however,  the  sudoriferous  glands  of  the  axilla  become 
enlarged  during  pregnancy  and  secrete  milk  (Champneys  and  Bowlby,  '  Further  Observations 
on  the  Development  of  Mammary  Functions  by  the  Skin  of  Lying-in  Women,'  Medico-chirurgical 
Transactions  of  London,  vol.  lxix.,  1895).    Less  frequently,  mammary  glands  have  been  observed 
on  the  mons  pubis  (Blum,  '  Fall  von  supemumerarer  Mamma  im  Bereich  des  behaarten  Mons 
Veneris  mit  7  Warzen,'   Miinchener  med.   Wochensch.,  Bd.  liv.,  1907).     Those  supernumerary 
glands  which  appear  along  the  milk-line  may  be  regarded  as  of  an  atavistic  nature.     Super- 
numerary glands,  however,  may  appear  on  other  parts  of  the  body  {mammce  erratica.)  as  over 
the  acromion  process,  on  the  upper  part  of  the  thigh,  or  even  on  the  back  ;   such  cases  show 
the  capacity  of  other  cutaneous  glands  to  take  on  a  mammary  function.     (For  a  full  discussion 
of  the  morphology  and  variations  of  the  mammary  glands  consult  Bonnet,  '  Die  Mammarorgane 
im  Lichte  der  Ontogenie  and  Phylogenie,'  Ergebnisse  der  Anatomie  und  Entwickelungsgeschichle, 
Bd.  ii..  1893,  and  Bd.  vii.,  1898  ;  and  Bresslau.  '  Der  Mammarapparat,'  Ibid.,  Bd.  xix.,  1909.) 


THE  DUCTLESS  GLANDS. 

The  remaining  organs  to  1"-  described  all  belong  to  the  class  of  bodies  known  as 

ducti*  '•.     Borne  of  these     such  as  tin-  spleen  audi  lie  lymphatic  glands — are 

ed  in  the  formation  of  lymph.     Others-  such  as  the  thyroid  gland  and  the 

the  thymus,  the  suprarenal  glands  and  various  paraganglia,  and  the 

pituitary  body     are  internally  secreting  glands.     The  microscopic  structure  of  all 

..'lands  is  described  in  Part  [.of  this  volume.     The  general  distribution  of 

the   lymphatic    '.'lands   will    be   given    in  Vol.  IV..  and  the  naked-eye  anatomy 

of  the  pituitary  body  is  described  in  Vol.  III.,  Part  I.    The  macroscopic  anatomy 

of  the  Bpleen,  the  thyroid  and  parathyroidj  the  thymus,  the  suprarenal  glands, 

I  the  small  ;  glia,  will  be  noticed  here. 


LIEN. 

The  lien  oi  spleen  (tigs.  282  to  285)  is  a  soft,  highly  vascular  contractile  and 

elastic  organ  of  a  dark  purplish  colour.     It  is  placed  obliquely  behind  the 

stomach,  its  upper  and  inner  end  being  in  the  posterior  part  of  the  left  epigastric 

in,  the  largei  portion  in  the  left  hypochondriac  region,  while  its  lower  extremity 

reaches  into  the  left  lumbar 
region  (Addison).  Its  size  varies 
considerably  not  merely  in 
different  individuals,  but  in  the 
same  person,  according  to  its 
degree  of  vascularit  v  ;  so  that 
it  is  difficult  to  state  what  are 
its  ordinary  dimensions  and 
weight.  Its  long  axis,  which 
is  directed  from  above  down- 
wards, outwards,  and  somewhat 
forwards,  nearly  parallel  to 
the  posterior  part  of  the  lower 
ribs,  measures  about  12  cm.,  its 
breadth  is  8  cm.,  and  thickness 
3  cm.  to  4  cm.  It  lies  opposite 
the  ninth,  tenth,  and  eleventh 
ribs,  and  extends  from  about 
the  level  of  the  upper  border  of 
the  body  of  the  eleventh  thoracic 
vertebra  to  the  upper  border 
of  the  first  lumbar.  In  the 
in  weighl  from  100 grins,  to  :suu  grms.,  the  average beingabout 

volume    varies  enormously,    but    USUallv    does   not     exceed    2(M)    C.c. 

■    of  forty,  the  average  weight  gradually  diminishes.    In 

"      tbe  spleen  i>    nun  h  enlarged,  reaching  below 
as  much  as  18  lb.  to  20  lb.     It  is  the  largest  of  the 

12) 
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Fig.  283. — View  of  the  abdominal  viscera  from  behind,  after  removal  of  the  spinal  column,  the 
whole  of  the  posterior  wall  of  the  abdomen,  and  the  kidneys  and  suprarenal  glands, 
the  peritoneum  being  left.     One-third  natural  size. 

(This  and  the  next  figure  are  taken  from  Prof.  His's  models.) 

P,  pancreas;  P' ,  its  head;  d,  duodenum;  si,  stomach;  spl.,  spleen;  R.L..  right  lohe  of  the  liver; 
L.S.,  Spigelian  lobe ;  v.c.i,  vena  cava  inferior ;  p.r,  portal  vein ;  b,  common  bile-duct ;  i.r,  impression 
for  the  right  kidney  on  the  posterior  surface  of  the  liver  ;  the  situation  of  the  two  kidneys  is  well  shown 
by  the  corresponding  impressions  in  the  cast;  asc.  col.,  desc.  col.,  ascending  and  descending  colons:  pt.,  back 
of  the  peritoneum;  m,  line  of  attachment  of  the  mesentery;  VIII,  IX,  X,  XI,  the  corresponding  ribs; 
il.,  ileum. 


in 

h 


Fig.  28-1. — The  pancreas  and  adjoining  viscera  from  before.     One-third  natural  lizi 

The  liver,  the  stomach,  the  greater  part  of  the  small  intestine,  and  the  transverse  colon  have  been 
removed.  P,  pancreas;  d,  duodenum;  d.j..  duodeno-jejunal  flexure;  above  the  duodenum,  and 
between  it  and  the  head  of  the  pancreas,  are  seen  the  bile-dint,  portal  vein,  and  hepatic  artery;  asc. 
col.,  desc.  col.,  ascending  and  descending  colon;  sp/..  spleen;  >■./.-..  l.k.,  right  and  left  kidneys;  a.r.,  s.r'., 
right  and  left  suprarenal  glands  ;  pt,  peritoneum  at  the  back  of  the  abdominal  ea\  ity  ;  m,  line  of  reflexion 
of  the  mesentery  ;  the  line  of  reflexion  of  the  transverse  mesocolon  is  seen  along  the  lower  edge  ol  the  pancreas 
and  crossing  the  duodenum. 
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Surfaces  and  borders.     When  hardened  in  situ,  the  spleen  has,  accord- 

,n,    the  Bhape  of  an  irregular  tetrahedron,  with  its  apex  above  and 

ielow.   Its  four  surf  aces  are  termed  diaphragmatic,  renal  gastric,  and  basal. 

the  diaphragmatic  is  large  and  convex,  and  lies  against  the  diaphragm.    In 

••  i  pari  of  itsexteni  it  looks  upwards,  backwards,  and  to  the  left,  but  near 

.    d  somewhat  inwards.    It  is  separated  Erom  the  ninth,  tenth,  and  eleventh 

ribs  not  only  by  the  peritoneum  and  the  diaphragm,  but  also  in  about  its  upper 

third  by  the  left  lung,  and  in  nearly  its  whole extenl  by  the  left  pleura.    The  left 

lobe  of  the  liver  is  oct  asionally  found  in  the  adult  to  extend  backwards  and  to  the 


HOROOKTIX  3BOTIOS   OF  THE  ABDOMEN   OF  AS"  ADULT  MALE  AT  THE  LEVEL  OF  THE  LOWER  BORDER 

.10   BOM   OF  the  TWELFTH  thoracic  vertebra,  seen  from  above.     Slightly  reduced  from  natural 
ton.) 


•  i  the  upper  part  of  the  diaphragmatic  surface,  but  in  the  fetus  it  normally 

ipies  this  position.     The  renal  surface  is  generally  flat,  and  narrower  than  the 

■     nol  reach  so  high  as  either  the  gastric  or  diaphragmatic  surfaces. 

AIh.  Hy  touches  the  suprarenal  gland,  and  in  the  rest  of  its  extent  is 

i  close  relation  with  the  outer  aspect  of  the  left  kidney.    It  looks  inwards  and 

dow  The  gastric  Burface  is  concave,  and  looks  forwards  and  inwards.     In 

•   i  part  of  itB  extenl  it  lies  against  the  posterior  surface  of  the  stomach,  but 

bIo  and  behind  its  hilum,  it  touches  the  tail  of  the  pancreas.  This 

parallel  to  and  near  its  inner  border  (see  fig.  282),  a  long  fissure, 

tly,  a  series  of  depressions,  termed  the  hiluui.  through  which  the 

in d  •  ter  the  spleen,  and  around  which  the  peritoneum  is  reflected 

Burface  of  the  organ.     The  upper  and  inner  extremity  of  the  spleen  is 

1  reai  lies  to  about  3  cm.  Erom  the  left  side  of  the  vertebral 

\  opposite  the  body  of  the  eleventh  thoracic  vertebra.     The  lower 

b  bin  ents  a  triangular  area,  which  may  be  termed  the 

1  unningl  [1   Lies  against  the  tail  of  the  pancreas,  the  splenic 

the  i  osto  colic  ligaments.     If  the  tail  of  the  pancreas  be 

if  may  Beparate  the  colon  entirely  from  the  spleen; 

b  the  Bplei  ic  flexure  of  the  colon  contracted,  some  convolutions 

■In  d  to  the  basal  surface. 

Kidneys,'  Jour.  Anal,  and  Phye.,  vol.  xxix.,  July  1895. 
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Of  the  borders  of  the  spleen,  the  anterior,  situated  between  the  gastric  and 
diaphragmatic  surfaces,  is  the  most  prominent,  and  is  usually  marked  near  its  lower 
end  by  one  or  two  notches.  Traced  from  its  inner  end,  it  is  seen  to  curve  outwards 
with  the  convexity  of  the  curve  upwards.  This  part  of  the  anterior  border  reaches 
forwards  and  upwards  between  the  diaphragm  and  the  stomach  nearly  as  high  as  the 
fundus  of  the  stomach.  Towards  the  left  side,  this  border  turns  downwards  and 
somewhat  forwards,  being  in  close  contact  with  the  chest  wall  near  the  mid-axillary 
line  and  nearly  parallel  to  the  ninth  rib.  The  posterior  border  is  between  the 
renal  and  the  diaphragmatic  surfaces.  It  is  indistinct  above,  but  lower  down 
becomes  well  marked,  sometimes  dipping  slightly  inwards  between  the  diaphragm 
and  the  kidney.  It  is  inclined  downwards  and  outwards,  opposite  the  lower  border 
of  the  eleventh  rib.  The  anterior  and  posterior  borders  are  united  by  an  inferior 
border,  which  separates  the  diaphragmatic  and  renal  surfaces.  The  inner  border 
lies  sbghtly  internal  to  the  hilum.  It  joins  the  anterior  border  above,  and,  passing 
downwards  slightly  internal  to  the  hilum,  separates  the  gastric  and  renal  surfaces. 

Relation  to  peritoneum  (see  figs,  283,  284). — The  spleen  is  almost 
entirely  covered  by  peritoneum,  which  is  firmly  connected  with  its  capsule.  It  also 
gives  attachment  to  two  peritoneal  folds — the  gastro-splenic  ligament  and  the  lieno- 
renal  ligament.  The  gastro-splenic  ligament  consists  of  two  layers  of  peritoneum, 
which  pass  from  the  front  of  the  hilum  of  the  spleen,  forwards  and  outwards,  to  the 
posterior  surface  of  the  stomach  near  its  left  border.  If  the  outer  of  these  layers  be 
traced  over  the  spleen,  it  will  be  found  to  cover  the  gastric  surface  to  the  left  of  the 
hilum,  the  diaphragmatic  surface,  and  the  posterior  part  of  the  renal  surface.  It  is 
then  reflected  on  to  the  kidney,  forming  the  posterior  layer  of  the  lieno-renal 
ligament.  The  inner  layer  of  the  gastro-splenic  ligament  is  derived  from  the  lesser 
sac,  and  is  continued  into  the  anterior  layer  of  the  lieno-renal  ligament.  Below, 
the  two  layers  of  the  gastro-splenic  ligament  are  continuous  with  the  great 
omentum.  The  splenic  vessels  pass  to  the  spleen  between  the  layers  of  the  lieno- 
renal  ligament.  The  lower  part  of  the  renal  surface  of  the  spleen  is  often  uncovered 
by  peritoneum,  the  posterior  layer  of  the  lieno-renal  ligament  being  reflected  from 
near  the  posterior  border  of  the  spleen  on  to  the  kidney  (see  fig.  80). 

Variations. — Parsons '  found  notches  on  the  posterior  and  inferior  borders  and  fissures 
on  the  diaphragmatic  surface  of  the  spleen,  in  addition  to  the  notches  usually  described  on  the 
anterior  border.  The  anterior  border  was  destitute  of  notches  in  eight  out  of  113  specimens 
examined ;  two  was  the  commonest  number,  but  in  one  case  there  were  seven.  Notches 
on  the  posterior  border  occurred  in  32  per  cent.,  and  on  the  inferior  border  in  8  per  cent,  of 
the  cases.  The  fissures  on  the  diaphragmatic  surface  do  not  appear  to  represent  the  persistence 
of  a  primitive  lobulation,  but  are  apparently  '  secondary  developments  caused  by  a  crumpling 
of  the  viscus  through  pressure,  and  by  its  growth  being  checked  by  traction  at  certain  points.' 

Accessory  spleens. — Small  detached  roundish  nodules  are  occasionally  found  in  the 
neighbourhood  of  the  spleen  similar  to  it  in  substance.  These  are  commonly  named  accessory 
or  supplementary  spleens  (splenculi,  lienculi).  One  or  two  most  commonly  occur,  but  a  greater 
number — and  even  up  to  twenty-three — have  been  met  with.  They  are  small  rounded  masses 
varying  from  the  size  of  a  pea  to  that  of  a  walnut.  They  may  be  found  along  the  borders  of 
the  spleen — especially  the  anterior — and  in  the  hilum.  They  also  occur  some  little  distance 
from  the  spleen — as  in  the  great  omentum,  transverse  mesocolon,  and  gastro-lienal  ligament. 
and,  near  the  pancreas,  embedded  in  the  connective  tissue  surrounding  the  splenic  vessels 
(see  Haberer,  '  Lien  succenturiatus  und  Lien  accessorius,'  Arch.f.  Anat.,  1001). 

Spleen  in  the  infant. — The   spleen   is  relatively  slightly  larger  in  the   new-born  child 

than  in  the  adult,  but  the  peculiarities  in  the  infant  are  mainly  due  to  the  large  size  of  the  liver 

and  suprarenal  gland.     The  under-surface  of  the  left  lobe  of  the  liver  is  normally  in  contact 

with  it  at  birth,  and,  according  to  Ballantvne.  the  hepatic  area  of  the  spleen  is  larger  than  any 

of  the  other  surfaces.     The  same  observer  suggests  that  the  renal  surface  in  the  new-born  infant 

is  more  appropriately  named  the  suprarenal,  as  this  organ  lies  in  contact  with  it  and  separates 

it  in  almost  the  whole  of  its  extent  from  the  kidney. 

1  '  On  the  Notches  and  Fissures  of  the  Spleen  and  tlu-ir  Meaning,'  .lour.  Anat.  and  Phys.,  vol.  xxxv.. 
April  1901. 
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8TR1  I  rUBE   OF   THE   SPLEEN. 

The  spleen  baa  two  membranous  Investments    a  serous  coat  derived  from  the 

peritoneum,  and  a  fibrous  coat  {tunica  propria).    The  soft  substance  (pulp)  of  the 

tpported    by  a   reticular  framework  of   fibrous  and    muscular   bands 

■  '■' ). 

The  serous  coat  is  thin,  smooth,  and  firmly  adherent  to  the  tunica  propria 

beneath.     It  closely  invests  nearly  the  whole  surtare  <>i  the  organ. 

The  tunica  propria  |ii'_r.  286),  much  thicker  and  stronger  than  the  serous 
coat,  is  whitish  in  colour  and  highlj  elastic.  It  is  continuous  with  the  trabecular 
structure  within.     Along  the  bilum,  this  coat  is  reflected  into  the  interior  of  the 
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Fig.  287. — Small  artery  from  the  dog's 
spleen"  with  malpighian  corpuscles 
attached.  Magnified  ten  diameters. 
(Kolliker.) 


spleen,  in  the  form  of  lar^e  trabecuhe.  supported  and  enclosed  by  which  run  the 

blood-vessels  and  nerves  ;    jo  that   these  are  ensheathed  by  prolongations  of  the 

These  sheaths  ramify  with  the  vessels  which  they  include,  as  far  as 

finer  subdivisions,  and  are  nected  with  numerous  trabecular  processes 

■  into  t  he  interior  from  t  he  whole  inner  surface  of  the  fibrous  coat.    The 

igemenl  of  the  sheaths  and  trabecules  may  be  easily  displayed  in  the  spleen  of 

y  pres  ingand  washing  oul  the  pulp  from  a  thick  section ;  and  then  they 

i   a   close  reticulation   through   the  substance.     Thus,  the  fibrous 

iheaths  of  the  ■  >   sels,  and  the  trabecule,  all  of  a  highly  elastic  nature, 

ible  framework,  which  contains  in  its  interstices  or  areolae  the 

fibrous  structures  are  composed  of  interlaced  bundles  of  areolar 

irge  amount  ,,|  fine  elastic  tissue,  and  a  few  plain  muscular 

spleen  ol  the  \>\<rs.  the  dog,  and  the  cat,  and  to  a  smaller  extent 

■    there  is  a  far  more  abundant  admixture  of  muscular 

aibil        r<    iilai  rhythmic  contractility  (Eoy). 

a  dark  reddish  brown  colour:    when  pressed   out 
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from  between  the  trabecular  it  resembles  venous  blood,  and,  like  that,  acquires  a 
brighter  hue  on  exposure  to  the  air.  In  fact,  what  is  thus  pressed  out  from  the 
dead  spleen  is  mainly  clotted  blood.  The  pulp  consists  of  a  reticulum  of  fine 
fibres  continuous  with  the  trabecule  and  covered  by  branched  connective-tissue 
corpuscles.  The  interspaces  between  these  cells  are  occupied  by  blood,  but  with 
a  rather  larger  proportion  of  white  corpuscles  than  in  ordinary  blood. 

Blood-vessels,  lymphatics,  and  nerves. — The  splenic  artery  (arteria 
lienalis),  which  supplies  the  spleen,  is  the  largest  branch  of  the  cceliac  axis.  It  takes 
a  tortuous  course  to  the  left,  along  the  upper  border  of  the  pancreas,  and  divides 
into  a  number  of  branches,  these  do  not  anastomose  with  one  another,  but  entering 
the  hilum,  are  distributed  as  terminal  arteries  to  different  areas  of  the  organ.  The 
vessels  first  ramify  along  the  trabecular  sheaths,  and,  as  they  become  smaller,  are 


Fig.  288. — Thin   section  of  spleen-pulp,  showing  the  mode   op  origin   of  a  small  vein. 

Highly  magnified.     (E.  A.  Schaefer.) 

v,  the  vein,  filled  with  blood-corpuscles,  which  are  in  continuity  with  others,  bl,  filling  up  the  interstices 
of  the  retiform  tissue  of  the  pulp.  At  p  the  blood-corpuscles  have  been  omitted  from  the  figure,  and  the 
branched  cells  are  better  seen ;  w,  wall  of  the  vein.  The  shaded  bodies  amongst  the  red  blood-corpuscles 
are  pale  corpuscles. 


invested  by  an  adventitia  derived  from  the  trabecule.  This  adventitia  becomes 
transformed  into  lymphoid  tissue,  which  forms  a  comparatively  thick  sheath  along 
each.  The  vessels  then  divide  into  small  tufts  of  arterioles  arranged  in  pencils 
(fig.  287).  The  lymphoid  sheath  is  abruptly  dilated  here,  and  there  into  small  oval 
or  spheroidal  enlargements,  measuring  on  an  average  0-36  mm.  in  diameter,  but 
varying  in  size  from  much  smaller  than  this  up  to  1  mm.,  and  closely  resembling 
the  lymphoid  follicles  met  with  in  the  intestine  and  elsewhere.  These  lymphoid 
expansions  may  be  seen  on  the  surface  of  a  fresh  section  of  the  organ  as  light-coloured 
spots  scattered  in  the  dark  substance  composing  the  pulp,  and  have  been  long  noticed 
and  described  as  the  JWCalpig-hian  corpuscles  (noduli  lymphatici  lienalis)  of 
the  spleen  (fig.  287).  In  some  cases,  the  corpuscle  is  developed  upon  one  side  only  of 
the  arterial  wall,  upon  which  it  then  appears  to  be  sessile  ;  whilst  in  other  instances 
—and  this  is  the  most  frequent  in  the  human  subject — the  expansion  takes  place 
all  round  the  circumference  of  the  vessel,  by  which  it  then  appears  to  be  pierced. 
In  either  case  the  artery  sends  off  radiating  branches  to  be  distributed  in  the 
Malpighian  corpuscle. 

The  arteries  terminate  in  capillary  vessels,  which  soon  lose  their  tubular  cha- 
racter ;  the  cells  which  compose  their  wall  becoming  partially  separated  from  one 
another  by  elongated  clefts  ;  those  at  the  extremity  of  the  capillary  have  branching 
processes,  and  are  united  by  these  with  the  branched  connective-tissue  cells  of  the 
pulp.     In  this  manner  the  blood  can  flow  directly  into  the  interstices  of  the  pulp 
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I  !n-  veins,  which  form  a  network  ol   totercoinmunicating  spaces  within 

the  pulp,  commence  in  the  Bame  manner  as  the  capillaries  terminate:  thai  is  to 

the  layer  of  flattened  cells  which  lines  and  mainly  composes  their  walls,  on 

•  tra<  "1  back,  loses  its  epithelioid  character,  and  the  cells,  becoming  thickened 

and  spindle-shaped,  and  their  nuclei  prominent,  are  found  to  be  separated  here 

there  from  each  other,  and  to  be  connected  by  processes  with  the  cells  of  the 

palp  (fig    288).    The  small  veins  take  a  difierenl  course  from  the  arteries;   for 

they  soon  pass  to  the  trabecules,  and  are  conducted  upon  and  within  these,  freely 

joining    and    anastomosing;     whereas    the    arteries    appear    to    have    few    or    no 

anastomoses  within  the  Buhstance  ol  the  organ. 

The  splenic  \ein  ends  by  joining  the  superior  mesenteric  to  form  the  vena 
porta,  which  breaks  up  into  branches  within  the  liver. 

The  lymphatics  of  the  Bpleen  form  two  systems  :  a  trabecular  and  a  peri- 
i'ur.  The  vessels  belonging  to  the  former  system  run  in  the  trabeculse,  and 
are  in  communication  with  a  superficial  network  in  the  capsule.  The  perivascular 
lymphatics  take  origin  in  the  interstices  ol  the  Lymphoid  tissue  which  ensheaths 
the  smaller  arteries,  and  which  forms  the  Malpighian  corpuscles;  they  do  not, 
therefore,  at  first,  form  distinct  vessels.  Lymphatic  vessels  have  not  been  traced 
into  the  splenic  pulp.  The  vessels,  few  in  number,  leave  the  spleen  at  the  hilum 
and  pass  to  some  glands  situated  just  outside  the  organ. 

The  nerves,  derived  from  the  ccoliac  plexus,  surround  and  accompany  the 
splenic  artery  and  its  branches.  They  are  most  probably  distributed  to  the  vessels 
and  plain  muscular  tissue  of  the  framework. 

GLANDULA   THYROIDEA. 

The  thyroid  gland  is  a  soft,  brownish -red,  and  highly  vascular  organ, 
consisting  ol  two  lateral  lobes  (lobus  dexter  et  sinister),  generally  united 
towards  their  lower  ends  by  a  transverse  portion  named  the  isthmus.  Viewed 
.  whole,  it  is  convex  on  its  external  and  anterior  aspects,  forming  a  rounded 
projection  upon  the  trachea  and  larynx,  which  is  often  distinctly  visible  in  the 
Living  bo.lv.  especially  in  thin  individuals. 

Relations.     It    is  covered  by  the   skin,  the   superficial  and   deep  layers  of 

the  cervical  fascia,  and  the  sterno-hyoid,  omo-hyoid,  and  sterno-thyroid  muscles 

the  last-mentioned   being  in  close  contact  with  the  lateral  lobes.     The  sterno- 

cleido-mastoid  muscles  also  overlap  it.     Its  deep  surface  is  concave  where  it  rests 

nsl  the  trachea  and  larynx,  and,  external  to  these  structures  and  the  inferior 

laryngeal  nerves,  its  lateral  lobes  extend  backwards  to  the  sides  of  the  pharynx 

isophagus.     In  consequence  of  the  deviation  of  the  oesophagus  to  the  left 

the  loweJ  end  of  the  left  lateral  lobe  lies  slightly  in  front  of  that  structure. 

tteral  Lobes  also  pass  outwards  in  front  of  the  common  carotid  arteries,  the 

heaths  intervening.     Each  lateral  lobe  is  somewhat  conical  in  form  with 

upwards,  and  extends  from  the  fifth  or  sixth  ring  of  the  trachea  to  the 

■   thyroid  cartilage,  of  which  it  covers  the  inferior  cornu  and  adjacent 

imina.    The  transverse  portion  01  isthmus  commonly  lies  across  the 

ad  fourth  rings  of  the  trachea,  but  is  very  inconstant  in  size,  shape, 

the  upper  pari  of  the  isthmus,  or  from  the  adjacent  portions 

slender  conical    process,  called   the  lobus  pyramidalis, 

to  the  hvoid  bone,  to  which  it  is  attached  by  fibrous  or 

The  thyroid  gland  is  connected  to  the  trachea  and 

•  thai   it   follows  the  movements  of  these  organs.     In 

ends  from  the  isthmus  and  adjacent  portions  of 
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the  lateral  lobes  upwards  to  the  front  of  the  cricoid  cartilage  and  the  lower  border 
of  the  thyroid  cartilage,  forming  a  somewhat  indistinct  anterior  ligament  of  the 
gland.     Further,  each  lateral  lobe  is  attached  by  a  firm  band  of  fibrous  tissue — the 


B 


FlQ.    289. — TWO    DISSECTIONS   OF   THE   FRONT   OF   THE    NECK   OF   A   MAN   AGED   FIFTY-SEVEN    YEARS,    EXPOSING 

the  thyroid  gland.     About  half  natural  size.     (J.  S.  Dickey.) 

A,  skin  and  fascia  removed,  and  the  sterno-cleido-mastoid,  sterno-hyoid,  omo-hyoid,  and  median  edges 
of  sterno-thyroid  muscles  defined.     The  isthmus  of  the  gland  is  seen  between  the  two  sterno-hyoid  muscles. 

B,  deeper  dissection.     The  muscles  superficial  to  the  gland  have  been  reflected. 

lateral  ligament — to  the  side  of  the  cricoid  cartilage  and  the  first  two  or  three  rings 
of  the  trachea.1 

Size,  weight,  and  colour. — The  size  of  the  thyroid  gland  is  considerably 
affected  by  the  degree  to  which  its  blood-vessels  may  happen  to  be  distended  ; 
while  the  glandular  elements  present  are  subject  to  marked  individual 
variations  in  size,  so  that  any  estimate  of  the  dimensions  of  the  gland  can  only 
be  approximate.     The  greatest  transverse  diameter  is  about  5  cm.,  the  vertical 

i  J.  Berry,  'Suspensory  Ligaments  of  the  Thyroid  Gland,'  I'mr.   Aunt.  Society,  .lour.  Anat.  and  Phys., 
vol.  xxii.,  July  1888 ;  and  Sebileau, '  Le  capsule  et  les  ligaments  du  corps  thyroide,'  Bull.  Soc.  Anat.,  Paris,  1888. 
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ral  lobe  about  the  same,  and  of  the  isthmus  1  cm.  to  2  cm., 
and  the  antero  posterior  diameter  oi  the  lateral  bbes  "_'  cm.,  and  of  the  isthmus 

■a. 
The  weight  .-f  the  thyroid  body  is  ordinarily  30  grms.  to  40grms.    It  is  generally 

•:  ales  than  in  males,  and  appears  in  many  of  the  former  to  undergo 

a  periodic  increase  about  the  time  of  menstrua- 
tion. In  the  fetus,  and  during  early  infancy. 
this  organ  is  relatively  larger  than  in  after-life  ; 
its  proportion  to  the  weight  of  the  body  in  the 
new-born  infant  being  that  of  1  to  240  or  400, 
whilst  at  t lie  end  of  three  weeks  it  becomes  only 
1  to  1160,  and  in  the  adult  1  to  1800  (Krausej. 
Its  colour  is  usually  of  a  dusky  brownish 
ifil.  but  sometimes  of  a  yellowish  hue. 

Morphology.  -Developruentally,  the  thyroid  gland 
is  a  part  of  the  alimentary  canal,  being  formed  In- an 
outgrowth  from  the  primitive  pharynx,  and.  therefore, 
lined  by  endoderm.  In  the  larval  form  of  the  Cyclo- 
stomes  ( AmiiH"  u'tes).  a  homologous  structure,  known 
as  tin-  cndostyle.  is  formed,  which  is  of  a  glandular 
nature,  and  discharges  its  secretion  into  the  alimentary 
i  anal.  In  the  adult  Cyclostomcs  (Petromyzon),  and 
in  all  the  Vertebrates — from  iishes   to  mammals — the 

Ski. [i  a    SHOW  DIG    THB    I  OEM 
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Fig.  291. — Horizontal  suction  of  trachea, 
(esophagus,  and  TiivKoiD  noDY.  Natural 
size.     (.1.  Symington.) 

1 ,  oesophagus ;  2,  cavity  of  trachea ;  .'$, 
cartilaginous  ring  of  trachea  ;  4,  thyroid 
body;  5,  inferior  thyroid  artery;  6,  inferior 
laryngeal  nen  B. 


iwth  becomes  shut  ofl  from  its   primitive  connexion   with  the  pharynx,  and 

"'■■a  Dumbei  "l  closed  vessels  lined  by  cells  ,,f  endodermic  origin.     The  secretion 
..f   these  cells   i-  discharged  int..  the  cavity   ,,f  the    vesicle,  ami    certain   constituents    arc 
■  1  int. i  the  lil, .ml  as  an   internal  secretion. 

itted  that   the  greater  part  of  the  thyroid  is  developed  froma  median 

ii..  ventral  wall  of  the  pharynx,  behind  the  tuber  impar  of  the  tongue ;  anil  some 

,  described  two  lateral  outgrowths  from  the  fourth  branchial  pouches,  but 

i  alls  held  tl  part  of  tic  thyroid  -Ian,!  proper  is  derived  from  thissouTce. 

v-'"-"""'--     v         :   tn<    ■••"'■" i  in  the  thyroid  gland  are  due  to  a  partial  persistence 

'""I     duct.       The     most     Obvious    example    ,,f     this    persistence     is 

n  i.i.-i,-..  which   Streckeisen1    met  with  in    Hit  ,,„t  ,,f  |.,:j  eases.  ,„•   nearly 
hall  -  found.il  in  only  24  out  of  60cases,  or  40  percent.     It  is  usually 

der  Schilddruse.'  Virch.  Arch.  f.  path     \„„t    lssr. 

oi  I!  rn.ofAnat.andPhysiol.,volxxvl,  L891; 

I  in  Men,' Journ.  Anat.  and 'Phys    vol  xxu    Jan    1895 
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attached  below  to  the  isthmus  on  the  left  side  of  the  median  plane,  but  it  may  join  one  or  othei 
of  the  lateral  lobes,  and  above  it  is  connected  with  the  hyoid  bone.  Out  of  the  104  .specimens 
in  which  the  pyramidal  process  was  found  by  Streckeisen  to  bo  present,  ~>~>  wire  glandular 
up  to  the  hyoid  bone;  in  12  the  process  was  connected  to  that  bone  by  fibrous  tissue,  and 
in  2  by  muscle.  The  muscular  fasciculi,  which  are  occasionally  found  to  descend  from  the 
hyoid  bone  to  the  thyroid  gland,  or  its  pyramidal  process,  are  known  as  the  Uvatcn 
glandules  thyroidece  (fig.  290).  The  fibres  are  most  frequently  derived  from  the  thyro- 
hyoid muscle,  but  occasionally  they  are  independent.  In  one  of  Marshall's  cases  there 
were  two  pyramidal  processes  ;  while  in  another  a  single  process  divided  into  two  parts, 
one  for  each  lateral  lobe.  Accessory  thyroids  may  be  formed  by  transverse  division  of 
the  pyramidal  process  into  several  separate  masses  ;    more  rarely  they  are  found  in  relation 


Fig.     292.  —  A    thyroid    gland 

SHOWING  BIFURCATION  OF  THE 
LOWER  END  OF  PYRAMIDAL 
PROCESS,  ONE  PART  OOLNG  TO 
EACH    LATERAL    LOBE.       (C.    F. 

Marshall.) 


Fig.  293. — A  thyroid  gland 

WITH  PYRAMIDAL  PROCESS 
ATTACHED  TO  LEFT  LOBE 
OF  GLAND,  ISTHMUS  AB- 
SENT.    (C.   F.   Marshall.) 


Fig.      294.  — ■  A     thyroid 

GLAND  WITH  BOTH 
PYRAMIDAL  PROCESS 
AND  ISTHMUS  ABSENT. 

(C.  F.  Marshall.) 


with  the  lateral  lobes.  The  small  glandular  masses  resembling  in  structure  the  thyroid, 
which  are  frequently  found  in  front  of  or  above  the  hyoid  bone,  are  derived  from  the  upper 
part  of  the  thyro-glossal  duct. 

As  a  rule,  the  two  lateral  lobes  are  approximately  equally  well  developed,  but  occasionally 
they  are  very  unequal  in  size,  and  in  rare  cases  one  lateral  lobe  may  be  entirely  absent.  The 
isthmus  varies  greatly  in  size,  and  not  infrequently  it  is  absent. 

Structure. — The  thyroid  is  invested  by  a  thin  transparent  layer  of  dense 
areolar  tissue,  which  connects  it  with  the  adjacent  parts,  and  imperfectly  separates 
its  substance  into  small  lobules  of  irregular  form  and  size.  In  the  interstitial 
connective  tissue  of  the  gland  there  occur  a  number  of  cells  similar  to  the 
'  plasma-cells  '  of  Waldeyer  ('  parenchyma-cells,'    Baber). 

When  the  organ  is  cut  into,  a  yellow  glairy  fluid  (colloid)  escapes  from  the  cut 
surface.  Embedded  in  its  substance  are  multitudes  of  closed  vesicles  (fig.  295), 
which  are  held  together  in  groups  or  imperfect  lobules  by  areolar  tissue.  The  size 
of  the  vesicles  varies  from  O"045  mm.  to  1  mm.,  being  then  visible  to  the  naked 
eye  They  are  spherical,  polyhedral,  or  flattened  in  shape.  The  wall  of  each  vesicle 
consists  of  a  simple  layer  of  cubical  or  columnar  epithelium-cells,  which,  according 
to  Langendorfi,  are  of  two  kinds  :  namely — those  which  are  actually  secreting  the 
material  of  the  contents  of  the  vesicles  (colloid  cells)  and  others  (reserve  cells)  which 
may  take  the  place  of  the  colloid  cells  that  have  become  detached  or  mingled 
with  the  secretion.  The  amount  of  colloid  material  contained  within  the  vesicles 
varies  considerably.  An  excessive  accumulation  of  colloid  substance  frequently 
occurs,  and  in  goitre  the  vesicles  may  become  enormously  distended.  The  seer  el  ion 
of  the  thyroid  is  essential  to  health,  and  a  condition  known  as  myxedema  or 
cretinism  may  result  from  its  removal  or  congenital  absence. 
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Vi'HBt'ls,  lymphatics,  and  nerves.  -Tin'  arteries   <>l    the    thyroid    gland 

thyroid*  oi  each  side,  to  which  is  sometimes  added  a 

fifth  vesssel,  the  thyroidal  The  branches  ol  the  thyroid  arteries  run  along 

the  bordi  ol  the  gland,  where  they  anastomose  freely  with 

ther.     The  divide   into  comparatively   small  vessels  before  they 

•  gland  sul  where  they  have  a  lobular  distribution.     There 

rich  capillary  network  around  each  vesicle.     The  veins,  which  are  also  large, 

ultimately  form  plexuses  on  the  surface,  from  which  the  superior,  middle,  and  inferior 

are   formed  on  each    side.     The  superior  and    middle   thyroid    veins 

inin  the  internal   jugular;    the  inferior  veins  issue  from  a  plexus  tunned  in 


Sbctios  "i   iiimw  thyroid,     flighly  magnified.     (Major.) 
tionship  .•!  the  capillaries  to  the  epithelium  oi  the  vesicle  i-  well  shown. 

the  trachea,  and  open  into  the  innominate  veins.      The  thyroid  gland  is 
scular  organs  in  the  body — indeed,  it  has  been  estimated  bj 

1    thai    it    is  aboui   five  and  a  hall   times  as  vascular  as  the  kidney,   and 

i  the  dog  the  entire  amounl  of  blood  in  the  bodj  flows  through  the  gland 

Lymphatics.      \     be  thyroid  is  a  gland  withoul  duets  it  has  been  supposed 

rve  as  channels  for  the  discharge  of  the  colloid 

ubstance  has  undoubtedly  been  found  in  the 

ng lymphi  3els;   but  an  actual  communication  between  the  cavity 

d  the  lymphatics  basnol  been  satisfactorily  demonstrated.     The 

Is  hum  a  rich    plexus  both  in  the  substance  of  tlr.'  gland  and  on  its 

■    ep    urfao  s,  bul   there  is  only  a  slighl  connexion  in  man  between 

1 1 ■_*  1 1 1  and  left  lob<  s.     The  vess<  I-  leaving  the  gland  follow  in  the 

i    i  geal,  pre-tracheal,  para-tracheal,  median  deep 

i  mediastinal  glands  ( Bartels). 

,'  J'/'Imji  r\     '  Bd.  M  \  M..  1903. 


PARATHYROID  GLANDS 


323 


mi 


Ml 


The  nerves  are  derived  from  the  middle  and  inferior  cervical  ganglia  of  the 
sympathetic.  They  accompany  the  blood-vessels.  According  to  Anderson,  there 
are  no  ganglion-cells  in  their  course.  Their  branches  extend  close  to  the  base  of 
the  epithelium  cells. 

GLANDULE]  PARATHYROID  EM. 

The  small  parathyroid  glands  (fig.  296)  are  four  in  number,  arranged  in  pairs,  and 
usually  situated  in  close  proximity  to  the  lateral  lobes  of  the  thyroid  gland.  One 
pair  is  placed  above  and  behind  the  other,  so  that  they  may  be  termed  postero- 
superior  and  antero-inferior  respectively.1  The  postero-superior  parathyroid  of 
each  side  is  more  constant  and  more 
readily  found  than  the  antero-inferior. 
It  lies  near  the  level  of  the  lower 
border  of  the  cricoid  cartilage,  between 
the  muscular  wall  of  the  pharynx 
or  oesophagus  internally,  and  the 
posterior  margin  of  the  lateral  lobe 
of  the  thyroid  gland  externally. 
The  pre-vertebral  fascia  is  behind 
it,  and  also  sometimes  the  lateral 
ligament  of  the  thyroid  gland. 
The  antero-inferior  parathyroid  is 
more  variable  in  its  position  and 
more  indefinite  in  its  relations.  It 
often  lies  at  the  side  of  the  trachea, 
opposite  about  the  third  or  fourth 
rings  and  near  the  lower  border  of 
the  lateral  lobe  of  the  thyroid 
gland,  or  some  little  distance  below 
it.  According  to  Welsh,  the  postero- 
superior  parathyroid  is  behind  the 
branches  of  the  inferior  thyroid 
artery  and  the  antero-inferior  in  front ; 
but  E.  Fischer 2  maintains  that 
both  bodies  are  normally  anterior  to 
the  artery. 

The    parathyroids    cannot    easily 
be    distinguished   by   the    naked    eye 

from  small  accessory  thyroid  glands,  detached  portions  of  thymus  tissue,  small 
lymphatic  nodules,  or  even  lobules  of  Eat.  They  are  invested  by  a  fibrous  capsule. 
even  when  more  or  less  completely  embedded  in  the  thyroid  gland. 

Form,  colour,  size,  and  weight. — They  are  smooth,  flat  disks,  with  a 
more  or  less  distinctly  marked  oval  outline,  and  sometimes  the  narrow  end  tapers 
into  a  fine  stalk.  In  young  subjects  they  are  of  a  pale  rose  colour  and  almost 
transparent,  but  with  age  they  tend  to  become  yellow  or  yellowish  brown.  Their 
size  varies  considerably,  but  on  an  average  they  are  about  6  mm.  long,  3  mm.  to 
4  mm.  broad,  and  1"5  mm.  to  2  mm.  in  thickness.  They  rarely  exceed  12  nun.  in 
length.     In  weight,  they  vary  from  0-01  grm.  to  01  grm. 

Structure. — The    parathyroids  are  composed    of    epithelium-like     cells    ar- 
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Via.  296. — Transverse  section   of  the  left  lobe 

OF      THE     THYROID     OF     A    TWO -Months'      KITTEN. 

Magnified,  twenty  diameters.     (Kobn.) 

a,    thyroid   tissue  ;     b,   b.    thymus     tissue  ;      p.p!, 
parathyroid  glands. 


ranged  in  anastomosing  columns,  wit 


i  very  vascular  connective 


tissue  between 


1  D.  A.  Welsh,  '  Concerning  the  Parathyroid  Glands,'  Jour.  Ann!,  and  Phys 
-  '  Die  Glandules  parathyreoidese  des  Menschen,1  Arch.  f.  Anatomie,  191 1. 
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olumns.     In  Bome  cases  the  cells  may  Burround  a  central  space  which  contains 
collo  rial.     The  arterial  supply  is  derived  from  the  inferior  thyroid  artery. 

;n1(|  tli.-  arteries  and  the  veins  there  are  -inusoids. 

.  f 1 1 1 1  \     desciilicd    and    named    jrlanduke    parathyroideae    by 

380      ad  in  the  following  year,  Baber  *  recognised  them  as '  undeveloped  areas ' 

of  tin-  thyroid  gland;  bnl  they  had  undoubted!}  been  previously  observed bj  Etemak,  Virehow, 

During  the  last  two  decades,  numerous  papers  have  appeared  dealing  with 

their  embi  ,  histological  structure,  and  functions.      Like  the  thyroid  gland,  thej  belong 

pmentally  t"  the  alimentary  canal,  being  formed  by  outgrowths  from  the  third  and  fourth 

d  pouches,  and  an-    therefore   in' luded  ill  the  ni-niip  ill  oi-ans  termed  liranehiogenic. 

i    tin-in   tn   be  entirely  distinct  in  structure  and  function  from  the 

iid;  luit  there  is  some  evidence  in  favour  of  theviewthai  thej  may  exhibit  a  tendency  to 

f..iui  \.  aii  les  containing  a  colloid  material.     They  are  believed  to  be  essential  to  life,  and  their 

removal  baa  been  followed  by  Bevere  nervous  symptoms  known  as  'tetany.'  Inmost  mammals3 

two    pairs  of   parathyroids;    but    in  some  only  one  pair,  and  in  others  three  or 

(.an  p 


THYMUS. 

The  thymus  forms  a  glandular  mass,  the  greater  part  of  which  is  situated  in  the 

anterior  and  superior  mediastinal  spaces  of  the  thorax,  while  the  smaller  portion 

extends  into  the  neck.     Developmental^,  it  is  a  paired  organ,  consisting  of  a  lobus 

and  lobus  sinister,  and  the  upper  part  usually  appears  in  the  neck  in  the 

form  of  two  distincl  and  Beparate  processes,  one  on  each  side  ;  but  these  unite  at 

the  upper  pari  ol  the  thoracic  cavity  to  form  an  apparently  single  organ,  which 

dom  bilaterally  symmetrical,  or  divided  by  a  distinct  fissure  into  two  parts, 

ted  by  Sappey  (ti,Lf.  298).     On  dissection,  it  can  generally  be  separated 

into  two  portions,  which  overlap  one  another  in  an  irregular  manner,  while  the 

connective-tissue  septum  between  them  is  very  thin. 

Relations.     These   vary  according   to  the   age  of   the  subject  and  the  size 

of  the  organ.     In  a  newly  born  infant,  who  has  not   breathed,  the  thymus  forms 

a  large  and  conspicuous  structure  in  the  upper  and  anterior  part  of  the    thoracic 

cavil  _  downwards  behind   the  manubrium  sterna  and  the  upper  part 

of  the  body  ol  the  sternum  and  thefirsl  three  or  four  costal  cartilages,  and  reaching 

..  li  side  to  the  edge  ol  the  unit  ilia  ted  lung  (fig.  297).    It  covers  the  great  vessels 

■   the  heart,  and  extends  downwards  over  a  large  portion  of  the  pericardium. 

On  each  mde  it  passes  backwards,  median  to  the  lung,  on  which  it  forms  a  large 

ml  well-marked  imp  as  far  as  the  rool  of  the  lung.    At  this  period  of 

.•  | ilmi  e  extend  inward  -  considerably  beyond  the  lun^s  and  cover  the  greater 

the  thymus.     The  cervical  portion  extends  upwards  in  front  of  the 

and    behind  the  sterno-hyoid  and  sternothyroid  muscles  nearly  to  the 

roid  eland.     Alter  birth,  with  the  establishment  of  respiration  and  the  advance 

iiterii.i  edge  of  the  lungs   lot-wards  and    inwards,  the  greater  part  of  the 

•  d    liv  these  organs.     The  downward,  and  especially  the 

•   the  first  portions  to  atrophy,  so  that  when  persistent  in  the 

and  more  elongated  form  than  in  the  Ictus.     Of  the  j;reat 

it  covers,  it  lies  in  mosl  intimate  relation  with  the  left  innominate 

■  i  •  •  ■    appeal  s  to  be  embedded  in  it . 

Growth,  involution,  and  weig-ht. — The   thymus  is  a   temporary  gland. 

retting,  Vorhamdlingar,  Upsala,  1880. 
I'l    nil  Cl.in.l.'  Phil.  2Yww.,voL  clxrii.,  1881. 
:  Minute,  ol  the  Thyroid  and   Parathyroid  Glands  in  Mammals 


THYMUS 


325 


but  it  has  been  shown  by  the  researches  of  Hammar1  that  it  persists,  under 
healthy  conditions,  much  longer  than  was  formerly  supposed,  and  that  its  involution 
is  greatly  influenced  by  the  general  state  of  nutrition.  It  appears  to  undergo 
atrophy  in  all  diseases  affecting  the  general  nutrition,  so  that  reliable  data  as  to 
its  normal  size  can  only  be  obtained  by  the  examination  of  cases  in  which  death 
has  occurred  suddenly  in  healthy  subjects.  In  the  newly  born  infant,  its  average 
weight  is  about  12  grms.;  after  birth  it  continues  to  grow  until  puberty,  when  it  weighs 
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Fig.  297. — The  thymus  gland  of  a  full-time  fetus.     Natural  size.     (J.  S.  Dickey.) 
The  parts  of  the  chest  wall  in  front  of  the  gland  are  shown.     Tk.  Th.,  thymus  gland  ;   P,  pericardium. 

about  35  grms.  ;  subsequently,  it  tends  to  undergo  a  gradual  process  of  involution, 
so  that  by  the  age  of  twenty-five  years  its  weight  is  reduced  to  25  grms..  at  sixty 
to  less  than  15  grms.,  and  at  seventy  to  about  6  grms.  It  measures  at  birth  about 
5  cm.  to  6  cm.  at  its  broadest  part,  and  its  vertical  extent  is  from  4  cm.  to  5  cm. 
Structure. — The  lateral  lobes  of  the  thymus  gland  are  each  invested  by 
a  thin  capsule  of  areolar  tissue,  which  sends  partitions  into  the  gland  between  the 
lobules  :  on  its  outer  surface,  the  capsule  is  covered  by  a  layer  of  flattened  cells. 
Each  lobe  consists  of  numerous  polyhedral  lobules,  connected  by  a  more  delicate 
intervening  areolar  tissue.  These  primary  lobules  are  made  up  of  a  number  of 
secondary  lobules  (fig.  299),  one  to  two  millimetres  in  diameter.  Each  follicle 
is  composed  of  a  central  part  or  medulla,  and  an  external  larger  part  or  cortex. 


1  '  Ueber  Gewioht,  Involution  und  Persistenz  der  Thymus  im   Postfotalleben  des  Menschen,'   ArcJi.  f. 
Anal.,  1906. 
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ibdivided  by  inward  prolongations  of  the  connective  tissue  into 
:  .    ch  nodule  consists  oi  a  fine  reticulum,  in  the  meshes  <>]  which  are 
lymphoid  ceUs.     In  the  medulla,  the  reticulum  is  coarser,  the  lymph-cells  are  much 
ibnndant.andthi  i  attered  nestsol  cells  which  have  a  concentric  structure, 

and  are  known  as  the  concentric  corpuscles  oi  Ha—all.  The  reticulum  and  Hassall's 
,  orpuscles  are  oi  endodermic  origin,  being  derived  from  a  downgrowth  of  the  third 
pharyngeal  cleft,  while  the  lymphoid  cells  arc  probably  mesodermic  in  origin. 

a  B  C 


i"jius  in  \  child  "i   m\  months.    (Sappey.) 

tions  oi  the  gland.  I.  right  lobe;    '_'.  left  lobe;    •"..  median  furrow  ;    4,  lung, 

il  mammary  vein;  6,  thyroid  body;     7.  inferior,  8,  middle  thyroid  veins; 

I",  internal  in  ;    11.  vagus  nerve.     B,  right  lobe  of  the  thymus  aftei 

per;   2,  its  base;  3,  thin  outer  border ;  4,  thick  inner  border.     ('.  the  gland 

wing  the  i                          ped  around  a  central  cord  ;   A.  the  central  cord  or  Btrand  oi 

■    lobules. 


Blood-vessels,  lymphatics,  and  nerves.      The  arteries  of  the  thymus 

■  ■in  various  sources:  namely—  from  the  inU  rnal  mammary,  the  inferior 

"I.  the  stibclavian,  and  carotid  arteries.     Their  branches  penetrate 

rhere  they  Eorm  a   plexus  which  surround-  the  cortex  and  from 

erge  towards  the  medulla.      In  some  animals  these  vessels 

.  hut  in  others  they  open  into  an  inner  vascular  circle 

the  boundary  of  the  medulla.    The  veins,  fur  the  must  part. 

■  in. 

lymphatics   ....    abundant,    they  accompany   the   blood- vessels  in  the 

ial]  lymphatic  glands  lying  close  to  the  righl 
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The  nerves  are  very  minute.     Haller  thought  that  they  were  partly  derived 
from  the  phrenic  nerves;  but,  according  to  Cooper,  no  filaments  from  these  nerves 


i  i   ■ 


Fig.  299. — From  a  section  of  the  thymus  of  a  child.     (E.  A.  Sohaefer.) 

c,  cortex  of  a  lobule  partly  separated  into  nodules  by  the  trabecular,  tr.  :    b,  b,  blood-vessels,  and   \  e. 
connective  corpuscles  in  the  medulla. 


go  into  the  gland,  although  they  reach  the  investing  capsule,  as  does  also  a  branch 
from  the  descendens  hypoglossi.     Small  filaments,   derived  from  the   vagus  and 
sympathetic   nerves,  descend,  on  the   thyroid  body,  to  the 
upper  part  of  the  thymus.    Sympathetic  nerves  also  reach 


W~ 


the  gland  along  its  various  arteries. 


GLANDULE   SUPRARENALE*. 

The  suprarenal  glands,  also  frequently  termed 
adrenals,  are  two  flattened  bodies,  each  of  which  sur- 
mounts the  corresponding  kidney  (fig.  3U0).  They  are 
both  situated  in  the  epigastric  region,  one  on  each  side 
of  the  vertebral  column.  They  differ  from  one  another 
in  shape  and  also  in  their  relations.  The  right  gland 
has  a  flattened  triangular  form:  one  surface  called  anterior 
looks  forwards  and  outwards,  and  the  other,  the  posterior, 
backwards,  and  inwards;  while  the  angles  are  directed 
upwards,  downwards,  and  outwards.  The  anterior  surface 
has  a  furrow,  called  the  hihun,  which  passes  horizontally  a 
little  below  the  upper  border  and  vertically  near  the  inner 
border.  At  the  union  of  these  two  parts  of  the  fissure, 
the  suprarenal  vein  emerges  from  the  organ.  The  ana 
above,  and  internal  to  the  fissure  is  depressed,  and  forms 
about  one-third  of  the  anterior  surface.  The  inner  part 
of  this  area  lies  behind  the  inferior  vena  cava,  and  the 
upper  part  is  in  direct  contact  with  the  liver.  The  outer 
and  larger  portion  of  the  anterior  surface  is  covered  by 
the  peritoneum,  which  separates  it  from  the  liver,  except 
a  small  area  near  the  inferior  angle,  which  sometimes  lies 
against  the  duodenum.     The  posterior  surface  also  has  a,  depression  dividing 


Fig.  3IHI. — Front  vikw  hf 

THERIGHT  KJDNHY  AM' 
SUPRARENAL  GLAND  OF 
A       PULL-TIME       I  111  S. 

(Allen  Thomson.) 

This  figure  shows  the 
tabulated  form  of  the  fetal 
kidney,  r  ;  v,  the  renal  vein 
and  artery  :  «.  tin-  ureter  : 
a,  suprarenal  gland  :  the 
letter  is  placed  near  the 
hilum,  in  which  (In-  large 
veins  (v1)  are  situ  emerging 
from  the  interioi  "t  the 
gland. 


it  into 


two  parts:    one  of  these,  the  upper  and  larger,  lies  against  the  diaphragm,  and  is 
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hi  elevation  projecting  into  the  groove  between  that   muscle 
the  kidney;   the  lower  and  smaller  area  is  in  contact  with  the  kidney. 

B 


rSBIOB    SCSFAOB   "I    Till    -i  n:  ua  s.u    GLANDS,    MODIFIED   FROM  ROLL  I - 

(J.  Symington.) 

\.  righl  gland  :   e.  t.  i,  it<  superior,  lateral,  and  inferior  angles  :   a.  area  in  direct  contact  with  liver  ;    '*, 

belcm  and  lateral  to  the  liilum.  covered  by  the  peritoneum  and  the 
ir  the  inferior  angle  where  it  comes  into  contact  with  the  duodenum;   i,  hilum  on   interior 

B,  .  Ii  :   '/.  hilum  on  anterior  surface  ;  /,  vein  ;  l.r,  left  renal  vein  ;    i  .S,  left 

■.■■in. 

The  left  suprarenal  gland  is  slightly  larger  than  the  right.  It  dues  not 
projeel  bo  much  above  its  corresponding  kidney,  but  is  prolonged  downwards 
along  the  upper  half  of  its  inner  border.     Looked  at  from  the  front,  its  outline  is 

crescentic,    the   concavity    of  the    crescent  being  directed 

downwards    and    outwards    towards    the    kidney.      Tin- 

anterior  surface  lies  in  contact  with  the  upper  end  of  the 

*  renal   surface  oi    the    spleen   and    the    stomach,    near   its 

■(  cardiac   orifice,    while   its   lower    half    is    crossed    by    the 

pancreas  and  the  splenic  vessels.     It  has  a  groove  passing 

.  •  downwards  and  forwards,  at  the  lower  end  of  which  the 

suprarenal  vein  emerges.     The  posterior  surface  is  divided 

into   two  parts  by  a  prominent  vertical  ridge:    the  area 

median  to  the  ridge  looking  inwards  and  backwards  and 

g    upon   the    left    crus   of   the  diaphragm,    and  the 

area   lateral    to   the   ridge,  looking  outwards  as   well    as 

backwards,  against  the  kidney.     The  median  area  is  often 

ontai  i  w  it  li  the  left  coeliac  ganglion.1 

The  suprarenal  glands  measure  from  30  mm.  to  60  nun. 

from  above  downward-,  and  about   30  mm.   from  side  to 

;  their  thickness  is  from    1   mm.  to  6   mm.,  the   left 

being  usually  thicker  than  the  right.      The  weight  of  each 

in  the  adult    is  about    I  grms.,  the  left  being  slightly  the 

heavier.     They  are  oearly  as  large  at    firth   as  in  adult 

life. 

Structure.      Besides    a    covering    of     areolar     tissue, 

mixed    frequently  with   much   fat,  the  suprarenal  glands 

tment.      <>n    the  exterior,   their    colour    is   yellowish 

yellow.     When    cut    into  (fig.  302),    they    are  seen   to   consist    of 

-  nl  or    cortical,    ot    a    deep    yellow    colour,    firm    and 

nit   oi   these  organs  given  by  H.  D.  Rolleston 
.'..  1892). 
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striated,  and  forming  the  principal  mass  of  the  organ  ;  the  other,  internal  or 
medullary,  in  the  adult  of  a  dark  brownish-black  hue,  and  so  soft  and  pulpy 
that  some  of  the  older  anatomists  erroneously  described  a  cavity  within  it, 
these  glands  thus  acquired  the  name  of  '  capsules.' 

The  fibrous  coat  (figs.  303  and  304,  a),  which  is  distinguishable  into  an  outer 
looser  and  an  inner  firmer  part-,  is  so  intimately  connected  with  the  deeper  parts 
that  it  cannot  be  removed  without  lacerating 
the  subjacent  structure.  Its  deeper  layer- 
contains  plain  muscular  cells — at  least,  in 
some  animals — and  is  continuous  with  the 
septa,  which  enter  into  the  formation  of  the 
substance  of  the  organ. 

The  cortical  part,  examined  in  a  section 
with  a  low  magnifying  power,  is  seen  to 
consist  of  a  fibrous  stroma,  in  which  are 
embedded  column  dike,  intercommunicating 
groups  of  cells,  which  are  described  as 
forming  three  zones  (fig.  303,  b,  c,  and  </). 
The  cortex  is  derived  from  the  cells  lining 
the  ccelom  on  each  side  of  the  root  of  the 
mesentery,  and  it  is  relatively  very  thick 
during  fetal  life.  These  cells  have  formed 
within  them  small  particles  of  a  fatty  nature 
(lipoids),  to  which  the  yellow  colour  of  the 
cortex  is  due. 

The  medullary  part  (fig.  303,  2)  is 
marked  off  from  the  cortical  part  by  a  layer 
of  loose  connective  tissue.  In  the  thinner 
parts  of  the  adult  organ  there  is  no  medullary 
part,  and  the  layer  of  connective  tissue  referred 
to  is  found  separating  the  deep  surfaces  of  two 
opposed  portions  of  the  cortical  part  ;  but  in 
the  young  state,  the  distinction  of  cortical  and 
medullary  portions  probably  extends  through- 
out the  whole  gland.  The  medullary  part 
is  pervaded  by  large  venous  capillaries,  which 
receive  the  whole  of  the  blood  which  has 
passed  through  the  organ.  These  venous 
capillaries  are  supported  by  the  fibrous 
stroma,  which  also  contains— especially  in  man — a  number  of  bundles  of  plain 
muscular  cells  disposed  parallel  to  the  course  of  the  larger  veins,  and  forming 
a  complete  investment  to  the  issuing  suprarenal  vein  (v.  Brunn).  The  general 
arrangement  of  the  stroma  is  reticular  ;  in  its  meshes  are  enclosed  groups  ot 
cells.  These  cells  stain  brown  with  chromic  acid,  and  are  hence  known  as 
chromaphil  cells.  The  medulla  is  formed  at  a  later  period  than  the  cortex,  and 
is  derived  from  the  same  groups  of  cells  as  those  forming  the  sympathetic 
ganglia,  although  whether  they  are  to  be  regarded  as  undeveloped  sympathetic 
cells  or  as  cells  which  merely  lie  in  close  apposition  with  the  sympathetic  cells, 
without  any  genetic  relation  to  them,  is  still  disputed. 

in  some  ofthe  lower  Vertebrata,  the  two  constituents-  cortex  ami  medulla-  air  not  united 
to  form  a  pair  of  suprarenal  glands,  hut  develop  as  separate  organs;  thus  in  elasmobranch 
fishes,  the  cortex  is  represented  by  an  interrenal  body,  and  the  medulla  bj  a  series  of  paired 


... 
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Fig.  303.— Vertical   section   of  supra- 
renal gland   (human).      Magnified. 
(Eberth.) 
1,   cortex  ;     2,    medulla ;     <'.    capsule  ; 

b,  zona  glomerulosa ;    c,  zona  fasciculate  ; 

d,  zona  reticularis  ;    c,  groups  of  medullary 

cells  ;  /,  section  of  a  large  vein. 
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el)   rel  the  sympathetic.     In  the  Reptilia,  Aves,  and  .Mammalia,  definite 

ind. 

p. .  iiii.u  itu-B  meoordlnr  to  are. — The  suprarenal   glands  are  relatively   large  at  birth: 

'•••"'•  the  mill,    adult.    Thej  also  extend  downwards  on  the 

'   "f  the  kidni  that    thej  are   largely   pre-renal   in   position.     The  cortex 

ttei  developed  at  birth, as  compared  with  the  adult,  than  tin-  medulla. 

Varieties.     0  both  glands  maj    be  absent,  although  this  is  verj    rarely  the  case. 

i. iiia II \  mol  nith,  varying  in  size  from  a  pin's  head  to  thai 

'1'lw  Bmallei  ones  have  ledullary  substance,  but  the  large  ones  possess  a 

medulla  (BoUeston).  The  accessory  glands 
aie  generally  found  near  or  upon  the  capsule, 
ami  united  to  it  by  connective  tissue. 
Sometimes  thej  are  partially  embedded  in 
the  kidnej  01  liver,  ami  thej  may  be  found 
near  organs  which  were  originally  in  the 
neighbourhood  <>f  the  suprarenal  glands,  and 
have  moved  awaj  from  them  in  the  process  oi 
development.  A-  examples  of  such  organs, 
may  lie  mentioned  the  genital  glands ;  thus 
accessory  suprarenals  have  been  described  in 
the  broad  ligament  of  the  uterus  (Warthin, 
American  Journal  of  Obstetrics,  vol.  xii.,  1900), 
and  cm  the  spermatic  cord  (Lockwood,  Journ. 
A  mil.  and  Phys.,  vol.  xxxv.,  April  1901). 
Chromatin  bodies  without  a  cortex  ought  not 
i"  be  regarded  as  true  accessory  suprarenals 
>ni"'  the  chromatin  bodies  are  primitively 
independent  structures  and  may  continue 
to  exist  as  such  throughout   life. 

Arteries  and  veins. — The  supra- 
renal glands  receive  arteries  from  three 
sources:  namely,  from  the  aorta,  the 
inferior  phrenic,  and  the  renal  arteries. 
The  phrenic  branches  are  always  multiple 
(rami  suprarenales  swperiores)  and  may 
be  very  numerous  :  those  Erom  the  aorta 
(arteria  suprarenalis  media)  and  renal 
(arleria  swprarenalis  inferior)  arc  usually 
described  as  single,  but  may  be  repre- 
sented by  two  or  three  vessels.  The 
inferior  artery  is  the  largest  :  all  the 
branches  anastomose  and  divide  freely 
in    the   surrounding   fibrous   and    fatty 

1        The 


;  I  i  \     01       \     'a 
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capsule.-1       i  he   veins,   which  pass   out 

from  the  centre,  arc  usually  united  into 

"i"'    for  each   organ.      The    right   vein 

oferior   vena  cava  immediately,  while  the  left,  after  a  longer  course, 

■  be  left  renal  vein. 

entering  from  the  surface,  run  in  the  septa  parallel  to  the 
anastomosing  together,  and  surrounding  each  group  of  cells 

'  wwk.     ••'' these  capillaries  the  blood  is  continued  into 

a  collected  into  the  large  venous  capillaries  or  sinusoids  and 
s,  which  unite  to  form  one  trunk,  and  this  emerges  at  the 

tofthi  , ,  ,;.  Gerard,  '  Contributions  a 

irrtnalei  de  I'homine,'  Jour,  d,  PAnat.  a, I,  la  Phys.,  L913. 
I,     lm«r.  Jour.  Anal    vol   \     190 
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Lymphatics  run  in  the  trabecule  of  the  cortical  substance  and  are  connected 
with  cleft-like  spaces  between  the  trabecular  and  the  cell-columns,  and  even  with 
fine  clefts  between  the  cells  within  the  columns  (Klein).  They  communicate 
with  efferent-valved  lymphatics  both  in  the  fibrous  coat  and  in  the  medulla, 
where  they  are  very  numerous,  forming  an  especially  close  plexus  around  the 
central  vein. 

Nerves. — The  nerves,  which  are  exceedingly  numerous,  are  derived  from 
the  greater  splanchnic,  through  the  cceliac  and  renal  plexuses.  They  are  chiefly 
medullated,  and  lose  their  medullary  sheath  in  small  ganglia  situated  on  the 
surface  or  within  the  organ. 


THE  PARAGANGLIA  OR  GHROMAPHIL  BODIES. 

Under  this  designation  are  included  various  small  bodies  which  are  more  or 
less  closely  associated  in  their  development  with  the  ganglia  of  the  sympathetic, 
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Fig.  305. — Dissections  of  two  specimens  of  the  lower  end  of  the  aorta  and  adjacent  structures 

IN'  THE  HUMAN  FETUS,  TO  SHOW  THE  PARAGANGLIA  USUALLY  PRESENT  IN  THAT  SITUATION.       (Xllrkel  kamll. ) 

a.o,  abdominal  aorta ;  v.c,  inferior  vena  cava ;  r,  r',  left  renal  artery  and  vein  respective^  :  a,  left  ureter; 
i.m,  inferior  mesenteric  artery  ;  sy,  sy,  sympathetic  trunk  and  plexus  ;  /).  paraganglia  :  i.a,  iliac  artery. 


and,  like  the  medulla  of  the  suprarenal  glands,  contain  a  number  of  chromaphil 
cells.  The  glands  belonging  to  this  group  are  the  aortic,  the  carotid,  the  cardiac. 
and  numerous  minute  chromaphil  bodies  lying  in  depressions  on  the  median  or 
dorsal  side  of  the  ganglia   of   the  sympathetic   trunk.     In  all  probability   the} 


DUCTLESS  GLANDS 


.,11  .,  ,n-  ..I  internal  secretion,  and  form   a   substance  which   produces 

contraction  "f  the  non-striped  musculature. 

The  aortic  s; lands  are  th(  Chey  form  a  pair  ol  bodies  situated  in 

fronl  e  sides  of  1 1 j « -  abdominal  aorta  in  close  relation  with  the  pre-vertebraJ 

sympathetic  plexuses,  and   they   may  extend   from   the  origin  oi   the  superior 

enal   arteries   to   below  the   bifurcation  of  the  aorta  (fig.  305). 

Zuckerkandl1  gives  the  average  length  oi  the  right  one  in  newly  horn 
children  as   II  6  nun.,  and  thai   of  the  left   one  8'8  utm.     The  two  main  bodies 


--^ 


lOS    "I     HO.    •.[■■Mis    .   \!...ni<M.    II  -T    ABOVE   THE    BUTTRl   Ml.iN    'il     THE    COMMON    CAROTID 

ibteby.    Somewhat  magnified.    (Marchand.) 

ilandexti  cut  across;    glc,  carotid  gland ;  j,  blood-vessels  ;  t,  interstitial 

ad  ;  /.  glandular  lobules  or  nodules. 

may  be  united  by  an  isthmus.     Continuous  with  this  isthmus,  or  quite  isolated. 

hromaphil  cells,  placed   on   the  coeliac  or  renal  plexus.    On  the 

il  side  of  the  aortic  glands  there  are  usually  four  chromaphil  bodies,  situated 

the  hypogastric   plexus.    The  aortic  group   of   chromaphil  bodies  tends  to 

aerate    after    birth.     They    have    been    described    in    children  up    to  eight 

(Pende)  ;     but,  according  to  Zuckerkandl,  cannot  be  recognised  by 

iked  eye  in  adults,  although  traces  of  their  peculiar  tissue  may  be  detected 

"ii  11  ■  examination. 

Blood-vessels.     The    aortic    bodies    are    supplied    by    numerous    minute 

ibdominal  aorta,  inferior  mesenteric,  internal  spermatic, 
Idle  colii  .  and  common  iliacs.2 

glomus  caroticum   or  carotid  gland  (Ii-. .)( Mi),  is  situated  behind  the 

ommon  carotid  artery,  and  lies  in  dose  contact  with  the  wall 

Its  long  axis,  which  is  vertical,  measures  about  5  mm.,  its  breadth 

thickness   1*5  mm.     The  -land  may  be  subdivided 

its  fibrous  capsule  is  more  or  less  firmly  adherent  to 

Some,  at  least,  of  its  cell-  give  the  chromic  reaction. 

us    im   Retri  Iraum  des  Menschen,'    Verhandl.  d.  <tn<it. 

i  atica  della  Zuckerkandl  in  1!  ii  in'.    Mem.  Ph. 
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It  is  very  vascular,  numerous  minute  arteries  passing  to  it  from  the  carotids,  and 
between  these  vessels  and  the  veins,  there  is  a  sinusoid  arrangement  of  capillaries. 
Various  theories  have  been  advanced  with  regard  to  its  origin  ;  but  whether  it  is 
developed  directly  or  indirectly  from  the  epithelium  of  one  of  the  branchial  clefts. 
or  in  association  with  the  sympathetic  ganglia,  is  not  known. 

The  cardiac  gland. — Wiesel  and  Weissner1  found  a  cylindrical  mass 
embedded  in  the  fatty  tissue  investing  the  trunk  of  the  left  coronary  artery  where 
this  vessel  was  overlapped  by  the  left  auricular  appendix.     It  was  about  15  mm. 


Pin 


Fig.  307. — Section  of  an  irregular  nodule  of  the  coccygeal  gland.    Magnified  85  diameters.   (Sertoli.) 

The  section  shows  the  fibrous  covering  of  the  nodule,  the  blood-vessels  within  it,  and  the  polyhedral  cella 
of  which  it  is  constituted. 

long  and  3  mm.  broad,  and  contained  chromaphil  cells.  Small  scattered  collections 
of  similar  cells  have  also  been  described  as  situated  under  the  pericardium. 

The  glomus  coccyg-eum  (glandula  coccygea,  Luschka)  is  a  small  organ 
at  most  2  "5  mm.  in  diameter,  sometimes  broken  up  into  from  three  to  six  smaller 
corpuscles,  placed  immediately  in  front  of  the  apex  of  the  coccyx  and  connected 
with  some  of  the  terminal  branches  of  the  middle  sacral  artery.  J.  W.  Thomson 
Walker 2  showed  by  a  reconstruction  of  a  series  of  sections  that  it  consisted  of 
a  main  mass  and  a  considerable  number  of  minute  accessory  bodies. 

Structure. — It  is  composed  of  masses  of  epithelial  cells  embedded  in  a 
fibrous  stroma.  These  cells  have  been  described  as  chromaphil ;  but  this  is  denied 
by  several  recent  investigators.  The  glomus  is  very  vascular,  and  the  arteries 
terminate  in  sinusoids. 


Quoted  by  Lucien  et  Parisot,  Olandes  surrenales  el  organ.es  chromafflnes,  Paris.  1913. 
'  Ueber  die  menschlichen  Steissdriise,"  Arch.  f.  microsc.  Anatomie,  Bd.  lxiv.,  1904. 


PERITONEUM. 

P.  T.  CRYMBLE. 

The  abdominal  viscera  having  been  described,  as  well  as  the  disposition  of  the 
■iicum  in  relation  to  each  of  them,  it  remains  to  give  an  account  of  thai 
membrane  in   its  whole  extent,  to  trace  its  continuity  over  the  various  parts 
which  it  lines  or  covers,  and  to  describe  the  cavity  il  encloses. 

peritoneum  lines  the  whole  of  the  anterior  abdominal  wall,  excepl  along  a 

■  w  line  extending  from  the  umbilicus  upwards  to  the  diaphragm,  and  corre- 

to  the  interval  between  the  two  layers  of  the  falciform  ligamenl  of  the 

This  peril al  fold  is  usually  attached  to  the  abdominal  wall  slightly  to 

■  he  median  plane.     For  a  short  distance  above  the  pubes,  the  peritoneum 

ted  with  the  abdominal  wall,  so  thai  when  the  bladder  beco    ■ 

tided  with  urine  the  serous  membrane  is  detached  from  the  lower  pari  of  the 

iminal  wall.     This,  however,  ran  only  occur  to  a  limited  extent,  since  the 

in  av  n  passes  upwards  towards  the  umbilicus  becomes  gradually  more 

mlv  adherent  to  the  abdominal  wall      In  cases  of  greal  distension  of  the  Madder. 

an  area  above  the  j>u1«i<-  symphysis,  '■'>  cm.  in  vertical  extent,  may  be  uncovered  by 

mi. 

•ween  the  anterior  wall  of  the  pelvis  and  the  umbilicus,  the  peritoneum  is 

■  1  into  five  vertical  folds,  with  intervening  depressions,  by  certain  structures 

towards  the  umbilicus.     These  folds  are  a  median  one  (plica  am- 

bilicalis  media),  caused  by  the  urachus,  and  two  lateral,  on  each  side,  formed  by 

the  ligamentum  umbilicale  laterale  (plica  umbilicalis  lateralis),  and  the  inferior 

rtery  (plica  epigastrica)  (see  fig.  308). 

B  of  these  folds,  three  Eossse  are  mapped  out  on  each  side  of  the  middle 

ibove  the  inguinal  ligamenl  :   they  are  termed  the  supravesical,  the  median. 

■  •   lateral  inguinal  Eossse. 

lining  the  anterior  wall  of  the  abdomen,  the  peritoneum  passes  round  on 

the  lumbar  and  iliac  regions,  where  it  meets  with  the  right  and  left 

of  the  large  intestine.     <>n  the  righl  side,  it  completely  invests  the  caecum 

ermiform  appendix,  and  it  also  provides  the  latter  with  a  mesentery. 

the  ascending  colon  in  front  and  on  the  outer  side,  the 

pari  of  the  circumference  of  the  bowel  being  usually  uncovered. 

don,  the  peritoneum  gives  a  scanty  covering  to  the  lower 
toftl  if  1  he  i  ighl  kidney  and  adjoining  pars  duodeni  descendens 

■  town  from  behind  the  transverse  mesocolon;    lower 

muscles  and  vessels  to  the  root  of  the  mesentery,  proceeds 

i  i  of  that  fold,  passes  round  the  jejunum  and  ileum, 

ritoneal  coat,  and  returns  back  to  the  posterior  abdominal 

•_r  the  mesentery  on  the  lefl  side.     The  membrane  now  passes  in 

the  left  kidney  to  the  descending  colon,  which  il  invests 

ending,  and  is  then  continued  over  the  lateral 

in,  thus  completing  a  horizontal  circuit  round 

134  ) 
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the  abdomen.  Although  the  descending  colon  is  usually  uncovered  behind  and 
on  its  inner  side,  yet  occasionally  it  is  entirely  invested  by  peritoneum  and  provided 
with  a  meso-colon.  The  frequency,  however,  with  which  a  descending  meso-colon 
occurs  has  been  much  exaggerated. 

The  iliac  colon  is,  as  a  rule,  devoid  of  a  mesentery  ;   but,  occasionally,  the  lower 
third  possesses  a  mesentery  in  common  with  the  pelvic  colon.     The  pelvic  meso- 


Plica  umb.  med 
Plica  umb.  Int. 


Fovea  supravesical 


F<>vca  inguinalis  medialis 

!  Fovea  inguinalis 


Inguinal  ligami  m 


Duct.  </-  h  <'  ns 


Lit/,  umb.  hit 


Fovea  /<  moralis 

Fig.  308 — View  from  behind  of  the  lower  part  of  the  anterior  abdominal  wall  and  of  the  bladder. 

(G.  D.  Thane,  after  Joessel.) 


colon  is  attached  along  the  left  pelvic  brim  from  a  point  3  cm.  to  5  cm.  above  the 
inguinal  ligament  to  the  bifurcation  of  the  left  common  iliac  artery  ;  whence  the 
line  of  attachment  extends  downwards  and  inwards  to  the  second  or  third  sacral 
vertebra,  where  the  peritoneum  passes  on  to  the  rectum,  covering  this  portion  of  the 
intestine — at  first  in  front  and  at  the  side,  then  in  front  only— from  which  surface 
it  is  reflected  on  to  the  bladder  in  the  male,  forming  here  the  recio-vesical  pouch. 

When  the  bladder  is  contracted,  this  pouch  is  partially  subdivided  into 
anterior  and  posterior  portions  by  a  coronally  placed  peritoneal  fold  which 
encloses  laterally  the  ductus  deferentes,  and  has  been  described  as  the  sacro-genital 
fold  x  (fig.  231). 

From  the  apex  of  the  bladder,  the  peritoneum  passes  on  to  the  urachus,  as 
already  described.  In  the  female,  the  peritoneum  passes  from  the  rectum  to  the 
upper  part  of  the  vagina,  and  over  the  posterior  surface,  the  fundus,  and  the  uppei 
part  of  the  anterior  surface  of  the  uterus,  whence  it  goes  to  the  bladder.     The 


A.  F.  Dixon,  '  The  Form  of  the  Empty  Blac 


ftc,  Jour.  Anal,  and  Phys.,  vol.  xxxiv..  .human   1900. 
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[tends  laterally  to  form  the  broad  ligaments  of  the  uterus, 
•  •  upper  border  <•(   which  the  uterine  tubes    receive   from  it  a  serous 
al   their  fimbriated  openings,  the  peritoneum  is  continuous  with  the 
membrane  lining  the  tubes 

rh<     ••  •  •    and  its  broad  liga ats  subdivide  the  female  pelvic  cavity  into  an 

■    co-uterine  excavation  and  a  posterior  or  recto-uterine  excavation. 

semilunar  folds  of  peritoneum,  covering  the  anterior  portions  of  the  utero- 

!  ligaments  may  divide  this  latter  space  into  a  median  and  two  lateral  portions. 

I    •    peritoneum,  on  being  traced  upwards  on  the  anterior  wall,  is  found  to 

vault  of  tlif  diaphragm,  adhei  ing  moderately  to  the  muscular  and  firmly  to 

the  tendinous  part,  and  continuing  down  behind  as  far  as  the  posterior  surface  of 

the  liver.     It  then  passes  forwards  on  to  the  liver,  forming  the  falciform,  coronary. 

ingular  ligaments  of  thai  organ,  already  specially  described. 

\".     ■  roasing  the  upper  and  anterior  surfaces  of  the  liver,  it  turns  hack-wards 

..ii  the  under  surface  ;    but,  after  covering  the  quadrate  lobe,  and  arriving  at  the 

i  bepatis,  it   meets  with  a  peritoneal  layer  from  behind,  and  in  association 

with  it.  Btretches  from  the  liver  to  the  stomach,  to  form  the  lesser  omentum,  as  will 

be  presently  explained.     To  the  right  of  this  part,  it  invests  the  gall-bladder,  more  or 

pletely,  and  the  under-8urface  of  t  he  right  lobe  of  the  liver,  covers  anteriorly 

t  he  adjacent  part  of  the  duodenum,  and  passes  to  the  upper  end  of  the  right  kidney, 

forming  hen-  a  slight  fold,  named  hepato-rviuil  ligament.     It  descends  in  front  of 

the  hepatic  flexure  ol  the  colon  and  reaches  the  right  colon,  on  which  it  has  been 

already  traced.     To  the  left  of  the  fossa  of  the  umbilical  vein,  the  peritoneum 

the  whole  of  the  left   lobe  of  the  liver,  and  stretches  out   as  the  long,  left 

triangular  ligament,  anterior  and  lateral  to  the  oesophageal  opening.     It  then  passes 

down  over  that  ..peiiiirj  a  nd  covers  the  front  and  left  side  of  the  millet,  spreads  over  the 

■  ad  of  the  stomach,  where  it  passes  off  to  invest  the  spleen,  forming  a  duplicative. 

med  the gastro-sph  nic  ligament.     When  tin'  membrane  passes  from  the  diaphragm 

t..  the  stomach  it  forms  a  small  duplicature  to  the  left  of  the  oesophagus,  named  the 

i-phrenic  ligament;    it   extends  also  as  a  generally  stout  and  well-marked 

fold  (the  costo-  or  phn  no-colic  ligam*  nt)  from  the  diaphragm  opposite  the  tenth  and 

:it  h  ril.s  to  the  splenic  flexure  of  the  colon,  then  passes  over  the  splenic  flexure. 

the  left  kidney  and  descending  colon,  where  it  has  been  already  described. 

The  arrangement    of  the   remaining  part  of  the  peritoneum— that 

•  imach,  liver,  and  transverse  colon     is  somewhat  complex,  in  conse- 

I  the  membrane  forming  in  tins  situation  a  second  and  smaller  sac.  which 

mmui  rh  therighl  with  the  general  cavity  by  a  narrow  throat,  named 

i  piploicum  |  Winslotoi].     This  passage,  \\  Inch  admits  one  or  two  fingers, 

ated  behind  the  bundle  ol  hepatic  vessels,  which  .stretches  between  the  liver 

lodenum  :  behind  the  oriliee  is  the  inferior  vena  cava  ;  above,  is  the  caudate 

of  the  liv(  I  its  lower  boundary  is  formed  by  t  he  duodenum  and  a  curve 

From  t  In-  opening  I  he  lesser  sac  spreads  out  to  the  left,  behind 

lorn,.  of  the  peritoneum.    It  covers  a  part  of  the  posterior  abdominal 

i. .nt  and  below  it  i-  applied  to  the  ba<  k  of  the  main  sac,  to  which  it 

where  the  stomach  and  first  part  of  duodenum  are  interposed.     More- 

■    the  bai  k  ol  the  mam  sac.  and  between  the  stomach  and 

'ti  the  form  of  a  great  pond,     the  bag  of  the  omentum— which 

'  irmed  by  the  apposition  of  the  membranes  of  both  sacs.     To 

ularly  :  suppose  a  finger  pushed  into  the  foramen 

lib  brought  to  meet  it  from  before,  to  the  left  of  the  hepatic 

between  is  double  ;    its  anterior  layer  (from  the  greater 

--.■Is  int.,  the  foramen,  and  then  belongs  to  the  lesser 
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sac.  The  double  membrane,  so  constituted,  is  the  small  omentum.  From  the  point 
indicated,  it  may  be  followed  to  the  porta  hepatis  of  the  liver,  where  its  laminae 
separate  ;  the  anterior,  which  has  already  been  traced  from  above,  spreading  on  the 
adjacent  part  of  the  liver  ;  the  posterior  covering  the  caudate  lobe,  where  it  will  be 
again  met  with.  The  attachment  of  the  combined  layers  continues  backwards  from 
the  left  end  of  the  porta  hepatis  along  the  fossa  of  the  ductus  venosus  to  the  dia- 
phragm on  which  it  runs  a  short  way  to  reach  the  oesophagus,  where  the  anterior 
lamina  covers  the  end  of  that  tube  in  front  and  on  the  left,  and  the  posterior  lamina 
invests  it  on  the  right  and  behind.  From  this  point,  as  far  as  the  pylorus,  the 
small  omentum  is  attached  to  the  lesser  curvature  of  the  stomach,  where  its  laminae 
separate — one  covering  the  anterior  and  the  other  the  posterior  surface  of  the  organ  ; 
but,  meeting  again  at  the  great  curvature,  they  pass  down  in  conjunction  to  a 
variable  distance  in  front  of  the  small  intestine  to  form  the  anterior  wall  of  the 
bursa  omenti  majoris,  and  then  turn  up  to  form  its  posterior  wall.  Meeting  next 
with  the  transverse .  colon,  the  two  lamina?  separate,  and  enclose  that  intestine, 
but  meet  again  behind  it  to  form  the  transverse  meso-colon.  This  extends  back 
to  the  anterior  border  of  the  pancreas,  from  which  its  inferior  layer  passes  back- 
wards over  the  inferior  surface  of  this  organ,  and  then  turns  downwards  over  the 
posterior  wall  of  the  abdomen,  and  forms  the  mesentery,  where  it  has  been 
already  recognised.  The  superior  layer,  on  the  other  hand — which,  as  will  be 
understood,  belongs  to  the  lesser  sac— covers  the  front  of  the  pancreas,  the  cceliac 
artery  and  its  main  divisions,  the  upper  part  of  the  left  kidney,  and  the  portion 
of  the  diaphragm  between  the  aortic  and  caval  orifices,  and  may  extend  to  the 
left  end  of  the  pancreas  and  gastric  surface  of  the  spleen,  partially  investing 
the  latter  organ  and  forming  part  of  the  gastro-splenic  ligament.  It  then  goes 
forward  on  the  caudate  lobe  to  the  porta  hepatis  and  the  line  of  attachment 
of  the  lesser  omentum,  of  which  it  then  becomes  the  posterior  layer.  More  to 
the  right,  the  layer  in  question  passes  over  the  vena  cava,  and  continues  into  the 
general  peritoneum  beyond  the  foramen  of  Winslow. 

From  the  description  given,  it  will  be  understood  that,  as  the  walls  of  the  bursa 
omenti  majoris  consist  of  two  peritoneal  layers,  the  whole  thickness  of  the  great 
omentum  will  comprise  four  layers  ;  but  although  the  cavity  may  be  inflated  in 
its  whole  extent  in  the  infantile,  body,  its  walls  afterwards  cohere,  and  it  becomes 
impervious  in  its  lower  part.  Fat,  moreover,  accumulates  between  its  laminae ; 
long  slender  branches  also  pass  down  into  it  from  the  gastro-epiploic  vessels. 

The  part  of  the  membrane  just  described,  which  is  attached  to  the  great  curvature 
of  the  stomach  and  transverse  colon,  and  which  is  continuous  with  the  gastro- 
splenic  ligament,  is  usually  named  the  great  omentum.  The  great  omentum  usually 
reaches  lower  down  at  its  left  border,  and  it  is  said  that  omental  inguinal  herniae 
are  more  common  on  the  left  side. 

The  description  now  given  of  the  relation  of  the  omentum  to  the  meso-colon 
agrees  with  the  appearances  most  frequently  seen  in  the  adult  subject,  the  exterior 
(here  also  posterior)  layer  of  the  great  omentum  being  described  as  separating  from 
the  layer  within,  belonging  to  the  bursa  omenti  majoris,  when  it  reaches  the  transverse 
colon  so  as  to  pass  behind  or  below  that  viscus,  and  as  proceeding  thence  backwards 
to  the  abdominal  wall  as  the  posterior  or  lower  layer  of  the  transverse  meso-colon.  In 
the  young  fetus,  however,  two  layers  of  peritoneum  pass  from  the  greater  curvature 
of  the  stomach,  upwards  and  backwards,  to  the  posterior  abdominal  wall,  forming 
the  dorsal  meso-gastrium  ;  and  the  transverse  colon  possesses  an  independent  meso- 
colon. Subsequently,  the  posterior  layer  of  the  meso-gastrium  fuses  with  the 
anterior  layer  of  the  transverse  meso-colon.  Occasionally,  in  the  child,  and  even  in 
the  adult,  these  layers  remain  distinct. 
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-  reat  sac  pos  such  an  extensive  and  complicated  cavity  that   it 

description  to  subdivide  it,  and  certain  features  of  its  shape  and 

have  been  utilised  for  this  purpose.    Thus  the  transverse  meso-colon 

forms  a  fairly  efficient  barrier  between  the  sub-phrenic  region  and  the  ilio-lumbar 

and  the  ilio-lumbar  region  is  divided  into  a  right  and  a  left  portion  by  the 

•     :  the  mesentery.     The  brim  oi  the  true  pelvis,  although  not  forming 

irrier,  is  a  definite  threshold  between  the  ilio-lumbar  and  a  pelvic  region. 

THE    SUB-PHRENIC   REGION. 

sub-phrenic  region  is  bounded  above  by  the  diaphragm,  and  is  limited 

riorly   by  the    transverse    meso-colon,  the  phrenico-colic  ligament,  and  the 

culum   hepatis,   when   present.     It   is  related  to  the  liver,  the  spleen,  the 
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I  superior  i  least     -i<    iml  the  suli. phrenic  region  of  the  great  sac  are  exposed. 

u|>|"  o\  the  two  kidneys,  the  suprarenal  glands,  the  stomach,  the  pancreas, 

■  feu  ii  : he  duodenum. 

II    i  British  Medical  .Journal.'  February  15,  1908)  divides  the  suh- 

"ii  into  Bis  spaces  : — 
\-  I:  traper  I 

Righl 

Left 


8">CC 

7-CC 

8"*  R.b 

Stomach 

9"Rib 

Acta 

L«»»«r  &ac 

low  rrntl  lia 

10"  Rib 

Spleen 

Kidney 
II*  Rib 

12"  Rib 


a. 


b. 


I;    i 


|  1  .  Alit'TJwl  . 

1,2.  Posterior. 

/3.  Anterior. 

1  I.  Postei ior. 


5.  Right. 

<i.     J.ett. 

are  formed   by  the   cruciform  arrangement 
■  ly.  the  coronary,  the  falciform,  and  the  right 
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The  right  extraperitoneal  space  is  between  the  layers  of  the  coronary  ligament, 
and  the  left  extraperitoneal  space  is  round  the  upper  pole  of  the  left  kidney. 
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Fig.  310. — Horizontal  section  of  a  man,  aged  fifty  years.     (P.  T.  Crymble.) 
Illustrates  the  gastric  recess  of  the  lesser  sac  and  the  sub-phrenic  region  of  the  great  sac. 

The  left  posterior  intraperitoneal  space  corresponds  to  the  upper  portion  of  the 
lesser  sac,  and  will  be  described  later. 
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Fig.  311. — Horizontal  section  of  a  man,  aged  fifty  years.     (P.  T.  Crymble.) 

Illustrates  the  gastric  recess  of  the  lesser  sac,  the  sub-phrenic  region,  and  the  highest  part'  of  the  left  ilio- 
lumbar region  of  the  great  sac.  The  presence  of  a  costo-gastric  ligament  and  the  relation  of  the  pancreas  to 
the  eleventh  left  rib  are  somewhat  abnormal. 


AscLunilreio 


The  remaining  three  spaces,  i.e.  the  right  anterior  and  posterior  intraperitoneal 
and  the  left  anterior  intraperitoneal,  will  be  now  fully  described. 
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iichi    .interior   intraperitoneal   space     intervenes    between     the 
rer  and  the  diaphragm :   medially,  it  ifl  limited  by  the  falciform 

teriorly,  bytheBuperior  layer  of  th< aary  and  by  the  right  fcri- 

■  ;  and  inferiorly,  by  the  sharp  inferior  margin  ol  the  liver.    Around 

right  triangular  ligament,  and  around  the  inferior  margin  of  the 

municates  with  the  righl  posterior  intraperitoneal  space  ;  butwhenthe 

im  of  this  region  is  inflame  d,  adhesions  between  the  hver  and  the  diaphragm, 
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'  005    rHBOUOB    Till:   Klcarr   LATERAL  LINE,    SHOWING  THE  RIGHT    ANTERIOR  AND 
ONKAJ    9FAOES.     (P.  T.  Crymble.) 

a  seen  separatim:  the  right  posterior  intraperitoneal  or  sub-hepatic  space  from 
in.     The   viscera  in  relation  to  the  Bub-hepatic  space  are  the  liver,  the  right  kidney, 

i  inverse  colon. 


ili'-  liver  and  the  transverse  cm1.hi.  may  obliterate  this  communication. 

lis  space  are  illustrated  in  the  horizontal  sections  (figs.  309,  310, 

btal  seel  .312). 

right  posterior  intraperitoneal  space,  or    sub-hepatic  space,   lies 

Burface   •  liver   and   the  right  kidney,  and   contains 

•   inches  ol  the  duodenum.     Superiorly,  it  is  limited 

by  the  posterior  layer  of  the  coronary  ligament ; 

'     flexureand  the  transverse  colon  ;  laterally,  it. 

:lit  anterior  intraperitoneal  space,  and,  medially, 

c  through  the  foramen  of  Winslow.     Anterior  to 
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this  foramen,  it  passes  freely  into  the  space  between  the  lesser  omentum  and  the 
left  lobe  of  the  liver.     These  relations  are  illustrated  in  figs.  312  and  320. 

The  left  anterior  intraperitoneal  space  contains  the  left  lobe  of  the 
liver,  the  anterior  surface  and  fundus  of  the  stomach,  and  the  spleen.  It  is  a 
very  irregular  space,  limited  medially  by  the  falciform  ligament ;  postero-inferiorly, 
by  the  lieno-renal  ligament ;  inf  ero-laterally,  by  the  splenic  flexure  and  the  phrenico- 
colic  ligament ;    whilst,  anfero-inferiorlv,  it  communicates  with  the  sub-hepatic 
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Fig.  313. — Sagittal  section  through  a  plane  slightly  median  to  the  left  lateral  line. 

(P.  T.  Crymble.) 

The  gastric  recess  of  the  lesser  sac,  or  the  left  posterior  intra-peritoneal  space,  and  the  left  anterior  intra- 
peritoneal space  are  exposed.  The  upper  part  of  the  left  ilio-lumbar  region,  containing  small  intestine, 
is  also  seen. 

space  around  the  inferior  margin  of  the  liver,  and  passes  freely  in  front  of  the 
transverse  colon  into  the  left  ilio-lumbar  region.  The  relations  and  shape  of  this 
space  will  be  most  easily  studied  by  reference  to  the  sagittal  section  (fig.  313),  and 
to  the  horizontal  sections  in  (figs.  309,  310,  and  311). 


THE   ILIO-LUMBAR    REGION. 

The  ilio-lumbar  reg-ion  of  the  great  sac  is  limited  above  by  the  attachment 
of  the  transverse  meso-colon  to  the  duodenum  and  pancreas.  Lateral  to  the  hepatic 
flexure  of  the  colon,  there  is  a  free  communication  with  the  sub-phrenic  region,  except 
in  the  presence  of  a  sustentaculum  hepatis;  and  lateral  to  the  splenic  flexure,  the 
phrenico-colic  ligament  forms,  according  to  its  development,  a  more  or  less  efficient 
barrier  between  it  and  the  left  anterior  intraperitoneal  space.  Interiorly,  across 
the  inner  margins  of  the  psoas  muscles  and  the  sacral  promontory,  there  is  free 
communication  with  the  pelvic  cavity;  but  the  pelvic  meso-colon  on  the  left 
and  the  mesentery  on  the  right  form  incomplete  septa  between  the  two. 
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The  mesentery  of  the  small  intestine  divides  the  space  into  a  right  and 
left  portion 

The  right  ilio-lumbar  region  is  limited  medially  by  the  attachment 
of  the  mesentery,  superiorly  by  the  transverse  meso-colon,  and  interiorly  by  the 
inner  margin  of  the  psoas.  Viewed  from  the  front,  it  is  somewhat  triangular  in 
shape,  the  three  sides  of  the  triangle  being  formed  by  (a)  the  lateral  abdominal 
wall  and  iliac  crest,  (b)  the  transverse  meso-colon,  and  (c)  the  mesentery  attachment 
and  the  inner  margin  of  the  psoas.  Its  contents  are  the  caecum  and  vermiform 
appendix,  the  ascending  colon,  the  first  few  inches  of  the  transverse  colon,  the 
lower  portion  of  the  pars  descendens  duodeni,  a  portion  of  the  head  of  the  pancreas, 
and,  at  times,  some  inches  of  small  intestine.  The  relation  of  small  intestine  to  this 
region  is  very  variable,  and  depends  upon  several  factors.  In  the  fetus,  owing  to 
the  small  size  of  the  pelvic  cavity,  a  considerable  length  of  small  intestine  occupies 
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Fig.  317. — Horizontal  section  of  a  man,  aged  fifty  yeaks,  through  the  upper  part  of  the  left 

ILIO-LUMBAR   REGION    OF   THE   GREAT   SAC.      (P.    T.    Crymble.) 

At  this  level  the  contents  of  the  region  are  coils  of  jejunum,  and  entering  into  its  walls  are  the  pars  ascendens 
duodeni,  the  lower  pole  of  the  left  kidney,  and  the  splenic  flexure  of  the  colon.  Anteriorly,  it  is  bounded  by 
the  transverse  meso-colon. 


this  region.  Distension  of  pelvic  viscera  or  fixation  of  the  transverse  colon  in  the 
left  ilio-lumbar  region,  forces  the  jejunum  from  its  normal  position  into  the  right 
ilio-lumbar  space.  On  the  other  hand,  the  usual  distended  condition  of  the  caecum, 
ascending  colon,  and  first  third  of  the  transverse  colon,  accounts  for  either  the 
normal  absence  of  small  intestine  or  the  presence  of  only  a  few  inches  in  this 
region. 

In  the  horizontal  section  (fig.  314),  the  most  superior  part  of  this  space  is  seen, 
and  is  occupied  by  a  portion  of  transverse  colon,  a  few  inches  of  jejunum,  and  the 
horizontal  portion  of  the  duodenum. 

In  the  horizontal  section  (fig.  315),  its  contents  are  the  ascending  colon  and  loops 
of  small  intestine;  and  in  the  section  (fig.  316)  through  the  lower  part  of  the  space, 
the  caecum  and  terminal  portion  of  the  ileum  are  displayed. 

The  left  ilio-lumbar  reg-ion  extends  to  a  higher  level  than  the  right 
ilio-lumbar  region.  Thus  it  is  present  in  the  horizontal  sections  through  the 
second  and  upper  part  of  the  third  lumbar  vertebrae  (see  figs.  31 1 ,  317),  whereas  the 
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entirely  inferior  to  this  level.    <  >wing  to  the  obliquity  of  the  mesenteric 

this  Left  sridens  out  inferiorly,  and  is  therefore  more  extensive 

[hi  space.     Superiorly,  it  surrounds  the  duodeno-jejunal  flexure,  and 

mited  by  the  transverse  i  on.     Inferiorly,  it  communicates  with  the 

•     the  pelvic  brim;  but  the  attachment  of  the  pelvic  meso-colon 

,,,  ,  n  partially  separates  the  two  spaces.    Medially,  it  is  limited 

eeenti  Lunent,  and  laterally  by  the  abdominal  wall.     Its  contents 

the  distal  portion  of  the  transverse  colon,  the  descending  and  iliac  colons, 

and  the  main  mass  of  the  small   intestine.      The  body  of    the  pancreas  and 

lower  pole  of  the  left  kidney  project  into  its  upper  part  (see  fig.   313). 


THE    PELVIC  REGION. 

This  portion  of  the  greal  sac  differs  according  to  the  sex.  audits  contents  vary 
ling   to  tl idition  of  the  pelvic  viscera.     Thus  with  an  empty  rectum, 
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.'•MM.     BBCTIOD     OF    A     KAN,     AGED     FIFTY     YXAB9,    THROUGH    THE     LOWEST     PART    OF    THE 

great  sac.      (P.  T.  Crymble.) 
■  groat  sac  (peritODi  1!  1  i\  itj )  is  to  be  seen  lying  between  tbe  left  seminal  vesicle  and  the  rectum. 


i  uterus,  a  considerable  lengthnf  small  intestine  is  present,  but  distension 
•  >i  one  or  more  ol  these  viscera  may  prevent  the  entrance  of  the  jejuno-ileum. 
In  the  male,  the  greal  sac  descends  between  the  rectum  and  bladder,  as  the 
inch,  to  the  upper  ends  of  the  seminal  vesicles  (see  fig.  318).     From 
point,  upwards,  the  rectum  is  in  relation  to  the  peritoneum:  inferiorly  the  anterior 
Burface,  and  superiorly  the  anterior  and  lateral  surfaces,  being  covered.     At  the 
>nd  or  third  sacral  vertebra  is  situated  the  junction  of  the  rectum  and  the 
\  line  drawn  from  this  point  to  the  lower  end  of  the  left  common 
ei    e  along  the  inner  holder  of  the  psoas  to  a  point  half-way 
^responds  to  the  attachment  of  the  pelvic  meso-colon. 
emeni  ol  the  meso  1  olon,  the  ileum  tends  to  occupy  the  righl 
The  pelvic  ci. Ion  may  lie  entirely  within   this  space,   or 
I  U  I  loop  and  occupy  the  iliolumbar  region  (see  fig.  348). 

the  uterus  and  the  broad  ligaments  form  a  coronally  placed 

ity,  dividing  this  portion  of  the  great  sac  into  an  anterior 

■   rioi  or  utero-rectal  pouch  (pouch  of  Douglas). 

•li.ill  intestine,  and,  in  addition,  the  utero- 

r]  the  lateral  ends  of  the  uterine  tubes. 


LESSER  SAC 
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la  the  male,  the  rectovesical  pouch  is,  in  many  cases,  partially  subdivided  by 
a  coronally  placed  fold  of  peritoneum,  which  is  attached  laterally  to  the  ductus 
deferentes,  and  may  be  called  a  genital  fold  since  it  corresponds  to  the  broad 
ligament  in  the  female.     It  disappears  with  distension  of  the  bladder. 


THE    LESSER    SAC    (BURSA    OMENTALIS). 

The  lesser  sac   of  peritoneum  is  a  diverticulum  of  j  the  main  peritoneal 
cavity,  which  lies  behind  the  lesser  omentum  and  the  stomach,  and  passes  for  a 


Oesophagus 

Diaphragm 
RecSup 


ACoehaca 

AKesent  Sup. 

Lymph  Gland 

A.Ren.  Sin 

V  Port. 

VRenSin 

Aorta. 
Pancreas 


Pars.  Trans.  Quod 


lijTr'anq.Sln. 


Liver 

Oment.  Mm 

-  liq.Gast  Phren 

A  Hepar 
F.  Bomaj 

—  Liq  6a<.>t  Pant 

Stomach 


Colon  Trans 


Mesocolon 
Trans 


Fig.  319. — Median  sagittal  section  exposing  the  left  anterior  intraperitoneal  space  and  the 

SUPERIOR  RECESS  OF  THE  LESSER  SAC.   (P.  T.  Crymble.) 

variable  distance  into  the  great  omentum.  Its  junction  with  the  great  sac  is 
called  the  foramen  epiploicum  or  foramen  of  Winslow,  and  is  situated 
below  the  caudate  process  of  the  liver,  above  the  pars  superior  duodeni,  and  in  front 
of  the  inferior  vena  cava.  The  presence  of  a  retro-gastric  peritoneal  cavity  allows 
the  stomach  to  undergo  changes  in  size  and  position,  and  free  movement  between 
the  lobus  caudatus  [Spigelii]  of  the  liver  and  the  posterior  abdominal  wall 
is  facilitated  by  the  extension  of  the  cavity  upwards  behind  the  liver  (recessus 
superior).  The  lesser  sac,  hour-glass  in  shape,  consists  of  a  superior  chamber 
lying  posterior  to  the  gastro-hepatic  omentum,  and  an  inferior  or  retro-gastric 
chamber. 

The   superior  chamber,  or  bursa  omenti  minoris,  communicates  with 
the  great   sac  through  the  foramen  of   Winslow,   and  with   the   inferior  chamlier 


:vig 
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in  opening,  variable  in  aize     the  foramen  bursas  omenti  majoris.    It  will  be 
insisting  of  three  parte  :— 
1.  The  vestibule. 
I  be  Buperioi  t&  ■ 

The  1 1 1 1<  1  <  1 1 •  is  medius). 

Tin'  vestibule  is  s  narrow  passage  which  passes  to  the  left  from  the  foramen 

Window,  inferioi  to  the  processus  caudatus  of  the  liver,  and  superior  to  the 

superior  dnodeni  and  the  head  of  the  pancreas.      It  is  bounded  in  front  by 

that  portion  of  the  small  omentum  which  contains  the  hepatic  artery,  the  common 
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MlIiMN     M..ITTM.  ..II    THE    LEFT    ANTERIOR    INTRAPERITONEAL    SPACE    AND     THE 

ESS  OS  the  lesser  sac.     (P.  T.  Crymble.) 

ritaoD  low)  r  than  that  usually  described:  the  pylorus  lying  opposite  the  disk  between 
I  third  lumbal  rertebne. 

•  'lu.  t.  and  the  portal  vein  :   and  these  vessels  are  further  related  to  its  floor  as 

f"i  ivei  the  head  of  the  pancreas  to  enter  the  two  layers  of  the 

oi  •  atum. 

-upcrior  recess  is  the  direct  continuation  upwards  of  the  vestibule. 

&g.  309),  it  shows  a  crescent-shaped  lumen,  the  concavity 

■  ••  right,  and  is  produced  by  the  lohus  caudatus  [Spigelii] 

ly,  and  to  the  left,  the  space  is  limited  by  the  small  omentum. 

esophagus  and  diaphragm;    the  aorta,  separated 

a  close  elation  with  it.     Median  sagittal  sections 

ii.'  illustrated  in  figs.  31<>  and  320.     The  vertical 

ing  the  anterior  and  posterior  walls  are  weli  seen. 
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The  recessus  medius  varies  in  size  directly  with  the  extent  of  pancreas  in 
contact  with  the  small  omentum.     It  is  a  portion  of  the  bursa  omenti  minoris,  which 
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Fig.  321. — Dissection  to  expose  the  recessus  medius  of  the  lessee  sac.     (P.  T.  Crymble.) 

The  anterior  surface  of  the  stomach  and  a  portion  of  the  right  lobe  of  the  liver  are  illustrated.  The 
stippled  region  represents  the  cut  surface  of  the  liver.  The  portion  of  lesser  omentum  forming  the  anterior 
wall  of  the  recess  has  been  removed  to  expose  the  posterior  wall  formed  by  the  portion  of  pancreas  uncovered 
by  stomach.  The  recess  is  very  large  in  this  specimen  and  has  no  communication  with  the  bursa  omenti 
majoris. 


R.MED. 


BOMAJ 


PLICA  PYLOFUCA 


P.CARDIACA 


Fiq.  322. — Illustration  of  a  dissection  of  the  posterior  wall  of  the  lesser  sac. 

(P.  T.  Crymble.) 

The  stippled  area  represents  the  surface  uncovered  by  peritoneum  and  the  serous  surface  of  the 
pancreas  is  marked  by  polygonal  areas.  There  is  a  large  recessus  medius  and  a  small  foramen  ( V.  Bi  iM  v ) 
connecting  it  with  the  bursa  omenti  majoris.  The  bursa  omenti  majoris  is  partially  subdivided  into  an 
upper  and  a  lower  part  by  a  horizontal  gastro-pancreatic  fold  (p.  cardiaca)  attached  to  the  posterior  surface 
of  the  cardiac  portion  of  the  stomach. 


PERITONEUM 


•.    :•  ;  >rly  by  the  pancreas  and  anteriorly  by  the  lesser  omentum. 

immunicatea  across  the  bepatic  artery  with  the  superior  recess  and 

■    whilst  laterally  and  interiorly  it  is  enclosed    except  at  the  foramen 
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VESTIB. 


BOMAJ 
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RE.C  MED 
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W 


^'UZONTAL    M,   nONS     THROUGH    THE    1  I  VER,  STOMACH.  AND    KIDNEV    KEOION  OF  A 

TWO-MONTHS'  fetus.     (P.  T.  Crymble.) 

'  -  part  of  the  bursa  omenti  majoris  (Bomaj),  which  appear  as 

'"•face  of-  ..h.     XI,,  dorsal  mesogastrium  separates 

■■-  mill  the  bursa  omeati  majoris. 

war  down,  exposing  the  foramen,  which  unites  the  bursa  omenti  minoris  and 
''  '  '  ■ I    by  a  breaking   down  of  the   dorsa  mesogastrium  in  this 

lying  in  the  recessus  medius.    There  is  a  free  communica- 
■»"'  the  bursa  omenti  (Bomaj).     The  vestibule  of  the  bursa  omenti 

6  mth.  recessus  medius.    Superiorly,  it  is  continuous  with  the  superior 
",'n""  lino-    Inferiorly.  it  leads  to  the  foramen  epiploicum. 

sua  medius  is  exposed.     The  pancreas  forms  this  portion  of  its 


-by  pancreatic  folds.      Its  relations  and  shape  may 

rring  to  figs.  321  and  322,  where  dissections  of  two 

illustrated.     In  fig.  321,  the  portion   of   lesser   omentum 

been  removed.     The  pancreas,  the  hepatic,  left 
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Fig.  324. — A  dissection  exposing  a  complete  septum  bursarum.     (P.  T.  Crymble.) 

The  lesser  omentum  has  been  divided  to  display  the  reeessus  medius,  the  superior  recess,  and  the  lobus 
caudatus  [Spigelii].  Lying  behind  the  reeessus  medius  is  a  large  supra-pancreatic  lymph-gland.  The  reeessus 
medius  extends  upwards  and  to  the  right  in  front  of  the  hepatic  vessels  and  common  bile-duct.  An  adhesion 
between  the  posterior  surface  of  the  stomach  and  the  pancreas  and  diaphragm  completely  separates  the  bursa 
omenti  minoris  and  the  bursa  omenti  majoris.  The  stomach  has  been  divided,  and  the  cardiac  portion  turned 
upwards. 
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Fig.  325. — Dissection  of  lesser  sac,  first  stage.     (P.  T.  Crymble.) 

The  left  lobe  and  lower  part  of  the  right  lobe  of  the  liver  have  boon  removed  in  order  to  expose  tho  lesser 
omentum.     The  vessels  between  tho  two  layers  of  peritoneum  can  be  seen. 


PERITONEI   \i 


.in.  arteries  form  its  posterior  wail,  and  gastro-pancreatic  folds 
completely  enclose  it  laterally  and  inferiorly.  Superiorly,  il  communicates  freely 
e  threshold  of  the  hepati<  and  lefl  gastric  arteries  with  the  superior  recess 
and  vestibule.  There  is  no  foramen  communicating  with  the  bursa  omenti  majoris. 
i  (22  shows  another  large  recessus  medius,  with  a  small  foramen  connecting  it 
with  the  bursa  omenti  majoris.    The  hepatic  artery  is  seen  forming  the  boundary- 
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Via,  326.     Dissection  of  the  lesser  sac,  second  stage.    (P.  T.  Ctymble.) 
lentum  minus  has  been  divided  to  expose  the  various  parts  of  the  bursa  omenti  minoris. 


line  between  the  recessus  medius  and  the  superior  recess.     In  the  fetus,  the  recessus 

medi  ipied  by  the  processus  papillaris  of  the  caudate  lobe  (fig.  323,  in.). 

I  this  rei  mtinued  upwards  and  to  the  right,  in  front  of  the 

artery,  common  bile-duct,  and  portal  vein,  so  as  to  divide  the  extreme  right 

mall  omentum  or  the  hepato-duodenal  ligament  into  four  layers 

foramen    bursa?    omenti    majoris    is    the    communication   between 

omenti  minoris  and  the  bursa  omenti  majoris.     It  corresponds  to  the 

iw  portion  of  the  hour-glass,  and  is  sometimes  referred  to  as  the  isthmus  of  the 

It  varies  in  size  from  a  minute  aperture  to  an  opening  admitting  five 

and  rarely,  in  the  presence  "I  a  complete  septum  bursarum,  it  is  absent 

■  I  324). 

I     L895)  di  Sni      the   position  of  the  foramen  by  the 
:    bul  the  following  objections  to  this  description  exist : — 
<a  "f  the  less<  I  at,  it  is  never  in  the  position  of  the 

;  arteri<  9,  but  always  in  the  plane  of  the  gastro-pancreatic  ligaments 

im  exists,  the  Beptum  has  no  relation  to  the  hepatic 
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3.  Since  the  recessus  medius  lies  inferior  to  the  hepatic  artery,  the  definition  of  His  would 
relegate  the  recess  to  the  bursa  omenti  ma j oris,  whereas  it  is  in  direct  relation  with  the  lesser 
omentum  and  should  therefore  be  included  in  the  bursa  omenti  minoris. 

The  foramen  or  isthmus  will  here  be  described  as  being  bounded  by  the  lesser 
curvature  of  the  stomach,  the  pancreas,  and  the  gastro-pancreatic  ligaments ;  or, 
in  those  cases  where  the  superior  limiting  fold  springs  from  the  diaphragm,  by  a 
gastro-phrenic  ligament. 

Reference  to  figs.  322,  326,  327,  328,  329,  will  make  its  relations  and  position 
clear.  Figs.  326  to  329  illustrate  a  foramen  which  only  admitted  a  pencil.  It  is 
bounded  superiorly  by  a  gastro-phrenic  ligament,  containing  in  its  free  border  the 
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Fig.  327.— Dissection  of  the  lesser  sac,  third  stage.     (P.  T.  Crymble.) 

The  remaining  portion  of  the  liver  has  been  removed,  exposing  the  posterior  wall  of  the  superior  recess 
and  the  posterior  relations  of  the  bare  area  of  the  liver— i.e.  the  diaphragm,  the  inferior  vena  cava, 
the  right  suprarenal  gland,  and  the  upper  pole  of  the  right  kidney. 


left  gastric  artery,  and  it  is  limited  interiorly  by  a  gastro-pancreatic  fold.  In  this 
subject  the  recessus  medius  was  small. 

Fig.  322  shows  a  narrow  foramen  leading  from  a  large  recessus  medius  into  the 
bursa  omenti  majoris.  Its  limiting  folds  are  the  same  as  in  the  previous  case. 
Figs.  321  and  324  show  absence  of  the  foramen,  a  complete  septum  bursarum  being 
present.  In  some  cases,  the  foramen  is  divided  into  two  apertures  by  a  gastro- 
pancreatic  fold. 

The  foramen  develops  as  a  result  of  the  free  movement  of  the  Lesser  curvature 
in  its  immediate  neighbourhood.  The  vertical  or  cardiac  portion  of  the  lesser 
curvature  chiefly  experiences  lateral  movement,  and  is  therefore  attached  by 
a  hinge-like  vertical  fold  to  the  diaphragm  or  diaphragm  and  pancreas. 
The  horizontal  or  pyloric  portion  of  the  lesser  curvature  chiefly  experiences 
vertical  movement,  and  is  therefore  attached  by  a  horizontal  fold  to  the  pancreas. 


PEE]  rONEl   \i 


portion  of  lesser  curvature  bounding  the  foramen  shares  in  both  the 
A  and  vertical  movements,  and  is  therefore  unattached  to  the  posterior 
-i i iii ml  wall. 

The  bursa  omenti  majoris  lies  behind  the  stomach,  and  extends  for  a 

ble  distance  into  the  greal  omentum.     The  part  in  relation  to  the  spleen  may 

,         to    -  the  splenic  recess;   the  part  lying  below  the  level  of  the  foramen 

as  the  inferior  recess  ;  and  the  part  behind  the  stomach,  which  includes  the  splenic 

the  inferior  recess,  as  the  gastric  recess. 


rec.inf: 


-KCTIOX    OF   THE    LEASER   SAC,    FOURTH    STAGE.       (P.    T.   Crymble.) 

ich,  with  t he  rxception  of  a  pari  near  the  pylorus  which  was  adherent  to  the  pancreas,  has  been 
■  •so  the  splenic  and  inferior  recesses  of  the  bursa  omenti  majoris. 


gastric  recess  is   the  result  of  the  changing  size  and  position  of  the 

[1    relation  and  extenl  are  well  demonstrated  by  a  series  of  horizontal 

1  109  a  Bed  ion  at  the  level  of  the  twelfth  thoracic  vertebra  is  shown. 

superior  part  of  the  gastric  recess  is  seen,  its  posterior  wall  being  formed 

•    .  the  lieno-renal  ligament,  the  hilum  of  the  spleen,  and  the  gastro- 

( omentum).     In  a  section  at  the  level  of  the  first  lumbar  vertebra 

•     •  i    the  pancreas,  the  left  kidney,  the  spleen,  and 

it      In  i  -' ■  t  io  ii  atthe  level  of  the  second  lumbar  vertebra 

the  pi  e  main  pari  "|  the  posterior  wall,  only  a  small  part 

present  at   this  level.     A  section  through  the 
•17)  demonstrates  the  transverse  meso-colon  and  the 
I '  >  or  illations. 
tes  through  the  isthmus  with  the  bursa  omenti 
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minoris.  Variations  in  shape  and  extent  of  the  bursa  omenti  majoris  are  common, 
and  depend  upon  variations  in  the  attachment  of  the  stomach  to  the  pancreas 
and  upon  the  amount  of  fusion  between  the  layers  of  the  great  omentum.  Fie  322 
shows  a  bursa  omenti  majoris  almost  completely  subdivided  by  a  horizontal 
gastro-pancreatic  fold  into  an  upper  and  a  lower  chamber. 

Figs.  325  to  329  illustrate  the  anatomy  of  the  lesser  sac. 

In  fig.  325,  the  lesser  omentum  and  the  structures  contained  between  its  two 
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Fig.  329. — Final  stage  in  the  dissection  of  the  lesser  sac.     (P.  T.  Crymble.) 

The  transverse  colon  and  meso-colon,  the  spleen,  the  remaining  portion  of  the  stomach  and  the  first  inch  of 
the  duodenum  have  been  removed.  The  right  and  left  ilio-lumbar  regions  of  the  great  sac,  separated  from 
each  other  by  the  mesentery  of  the  small  intestine,  have  been  exposed. 


layers  have  been  exposed  by  removing  the  left  lobe  and  a  portion  of  the  right 
lobe  of  the  liver.     In  fig.  326,  the  lesser  omentum  has  been  divided  to  expose  : — 

a.  The  foramen  of  Winslow  (f.w.),  or  the  right  orifice  of  the  vestibule. 

b.  The  vestibule,  or  that  part  of  the  lesser  sac  lying  behind  the  hepato-duodenal 
i  ligament. 

c.  The  superior  recess — r.sup. 

d.  The  recessus  medius — r.med. 

e.  The  foramen  bursoe  omenti  majoris — f.bomaj. 

The  lesser  omentum  is  seen  to  be  attached  to  the  porta  hepatis  and  the  fossa 
ductus  venosi  of  the  liver. 

In  fig.  327,  the  remaining  part  of  the  right  lobe  of  the  liver  has  been  removed  by 
dividing  the  ligamentum  triangulare  dexter  and  the  ligaments  bounding  the  bare 
area,  and  by  taking  away  the  upper  part  of  the  inferior  vena  cava. 

The  posterior  wall  of  the  superior  recess  is  well  seen.   In  fig.  328  all  the  stomach, 
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PEBITONEUM 

•  :  a   pari  Dear  the  pylorus  which  was  closely  adherent  to  the 
.  has  been  removed.    The  following  peritoneal  folds  and  structures  were 

divided  : — 

interior  and  posterio]  ■  phrenic  ligaments, 

jtro  splenic  omentum. 
•  i  olic  omentum. 
<  Esophagus. 
Right  and  ''■■  ic  arteries. 

it  and  lefl  gastro  epiploic  arteries. 

The  foramen  or  isthmus  is  here  very  small,  and  is  bounded  superiorly  by  a 

ophrenic  ligament  enclosing  the  lefl  gastric  artery,  and  ixtferiorly  by  a  gastro- 

pancreatic  ligament.     The  lateral  and  vertical  extent  of  the  bursa  omenti  majoris 

and  n-  Bplenic  and  inferior  recesses  are  exposed.   Fig.  329  shows  the  final  stage  of  the 

m.    The  transverse  colon  and  meso-colon.  the  spleen,  the  remaining  portion 

of  the  stomach,  and  the  firsl   inch  of   the  duodenum  have  been  removed.     The 

m<  reatic  Ligament  has  been  divided  and  is  seen  limiting,  on  the  left,  the 

me  lius. 
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IWIMF/rO-COLIC  FOLDS. 

The  most  constant  of  these  folds  attaches  the  splenic  flexure  to  the  diaphragm 

in  tie  Q  of  the  tenth  rib.     It  forms  a  horizontal  shelf  upon  which  the  spleen 

may  rest .  and.  when  well  developed,  shows  a  depth  of  7*5  cm.,  and  acts  as  a  barrier 

to  the  passage  upwards  of  pathological  fluids.    It  varies  considerably  in  its  attach- 

position,  and  extent,  and  may  be  entirely  absent. 

the  right  ride  of  the  al'doinen,  the  fold  is  not  so  constant,  and  its  position 

i  more  variable.     Thus  it  may  attach  the  hepatic  flexure  to  the  ribs,  or  the 

olon  t r .  the  iliac  crest,  or  the  caecum  to  the  iliac  fossa,  or  it  may  occupy 

rvening  position.     Jt   may  form  a  mere  horizontal  shelf,  or  it  may  be 

in  the  form  of  a  coronally  placed  membrane  extending  from  the  parietes 

.  the  anterior  taenia  of  the  ascending  colon.     When  present  in  this  latter  form, 

always    a    fossa    lying    posterior   to   the    membrane,    and   this    lateral 

i  opens  superiorly  or  inferiorly  into  the  general  peritoneal  cavity. 

tally,  <>ne  finds  two  fossse  behind  the  membrane  :   one  opening  superiorly 

iorly. 

in  the    parieto-colic    fold   corresponds   closely   to   the 

I  :•  ves,   and  either  supports  the  liver  in  adult  life,  or 

ported    the     liver    in    early    childhood    when    that    organ    was 

still,  in  the  majority  of  cases,  the  fold  is  associated  with 

no  relation  to  the  liver. 

MEDIAN    PARA-COLIC   FOSSAE. 

of  median  para-colic  fossa  is  illustrated.  A  much  commoner 
332,  where  the  ascending  colon  and  the  first  few 
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inches  of  the  transverse  colon  are  bound  together  by  a  peritoneal  sheet.     This 
sheet  appears  to  be  part  of  the  great  omentum,  and  posterior  to  it  is  a  capacious 
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Fig.  330. — Parieto-c.ecal  fold  at  the  level  of  the  anterior  superior  iliac  spine  in  a  female  aged 
THiRTY-FrvE  yeaes,  with  slight  ptosis  of  caecum.     (Crymble  and  Malcolm.) 

Note  also  the  small  fold  attaching  the  median  aspect  of  the  hepatic  flexure  to  the  posterior  abdominal  wall. 
A  fossa  (median  para-colic)  lies  posterior  to  this  fold.  This  latter  fold  is  very  rare,  as  we  have  only  the  one 
example  of  it,  and  it  is  not  mentioned  in  the  literature. 

median  para-colic  fossa  containing  in  this  subject  a  loop  of  small  intestine.     We 
have  met  with  this  arrangement  in  two  bodies. 


ILEAL    FOLDS    AND    KINKS. 


One  example  of  a  kink  of  the  pars  csecalis  ilei  is  illustrated  in  fig.  333,  where 
the  right  iliac  fossa  and  contents,  of  a  male  aged  sixty-five  years,  are  seen. 
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Fig.  331. — Marked  ptosis  of  cecum  and  ascending  colon  in  a  female  aged  seventy-six  years,  the 
cecum  lying  in  the  true  pelvis,  with  an  extensive  parieto-colic  fold  in  the  region  of  the 
iliac  crest.     (Crymble  and  Malcolm.) 

The  ileum  became  retro-peritoneal  where  it  crossed  the  right  psoas,  passed 
outwards  in  the  iliac  fossa,  and  made  two  right-angled  bends  before  joining  the 

\  \  2 


PERITONEUM 


..,,.    The  firel  bend  «raa  maintained  by  a  peritoneal  ridge  running  outwards  to 
It  muBl  be  borne  in  mind  that  normally  the  ileum  passes  forwards 
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I  10.  333.     (Crymble  and  Malcolm.) 

racum  has  been  turned  upwards  to  expose  the  termination  of  the  ileum.     There  is  a  well-marked 
V-ihn  .  ted  downwards  and  outwards,  being  attached  to  the  iliac  crest  by  a 

J  to  this  kink,  the  ileum  is  attached  to  the  iliac  fossa  by  a  peritoneal  sheet, 
■  cal  fold  ;    behind  this  ileo-csecal  fold  is  a  fossa.     The  portion  of  the  ileum 
mm  pro\  .  i-  destitute  of  a  mesentery  and  is  therefore  retro-peritoneal. 


om  of  the  pelvis,  along  the  right  pelvic  wall,  to  the 
'ii  lies  some  distance  lateral  to  the  pelvic  brim, 
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the  ileum  will  cross  the  pelvic  brim  and  pursue  a  short  course  in  the  iliac  fossa. 
Further,  the  pars  csecalis  ilei  may  possess  a  mesentery  or  may  be  bound  down 
(i.e.,  retro-peritoneal)  to  the  pelvic  wall,  the  psoas  margin,  or  the  iliac  fossa.  In 
the  latter  case,  a  peritoneal  fold  is  present  at  the  junction  of  fixed  and  movable 
portions,  of  the  same  nature,  and  with  a  similar  mode  of  production  as  the  fold  at 
the  oesophageo-gastric,  pyloro-duodenal,  or  duodenojejunal  junctions.  In  short, 
these  folds  are  all  produced  by  traction,  which  in  the  ileum  is  produced  by  the 


LIMIT  OF  FOSSA 

>*J  LEO  CAECAL  FOLD 
**PROC   VERM 

—  PARIETO-I  LEAL  FOLD 


Fig  334. — Termination  of  ileum  and  cecum    in  a  female,  aged  sixty-nine  years,  showing  parieto- 

ileal  fold.     (Crymble  and  Malcolm.) 

The  dotted  line  marks  out  the  limits  of  a  fossa  which  lay  behind  the  caecum  and  ileum.  There  is  a  fan. 
shaped  fold  connecting  the  ileum  to  the  iliac  fossa.  This  fold  is  quite  distinct  from  the  ileo-caecal  fold  which  is 
seen  connecting  ileum  and  caecum.  This  fold  is  evidently  the  genito-mesenteric  fold  of  Reid  (a  fold  frequently 
found  in  the  fetus),  passing  from  the  back  of  the  mesentery  of  the  small  intestine  to  the  brim  of  the  pelvis. 
Sometimes — as  in  this  case — the  ileum  becomes  adherent  to  this  fold. 

alternate  filling  and  emptying  of  pelvic  viscera,  the  bladder  and  rectum  when  full 
driving  the  pars  csecalis  ilei  out  of  the  pelvis.  There  is  no  evidence  to  prove  that 
mere  fixation  of  the  ileum  in  its  normal  position  and  course  produces  any  degree 
of  intestinal  stasis.  In  fig.  333,  however,  the  ileum  pursues  a  tortuous  course  in  its 
fixed  position,  and  here  stasis  is  quite  probable.  Fig.  334  shows  a  fold  fixing  the 
Ueum  to  the  psoas,  but  if  the  bowel  passes  forwards  from  the  bottom  of  the 
pelvis  no  kink  would  be  produced. 


FORMATION    OF    PARA-COLIC    FOLDS    AND    FOSS.E. 

There  are  three  possible  modes  of  formation  : — 

(a)  Congenital.—  The  presence  of  a  parieto-colic  fold  about  the  level  of  the 
highest  part  of  the  iliac  crest  is  occasionally  seen  in  the  Eetus  and  in  the  young 
child.  Twelve  out  of  the  eighteen  cases  of  sustentaculum  hepatis,  described 
by  Treves,1  occurred  in  children  under  three  years.  We  have  seen  in  a  child 
a  parieto-colic  fold  supporting  a  Loop  or  knuckle  of  ascending  colon. 

i  'The  Anatomy  of  the  Intestinal  Canal  anil  Peritoneum  in  Man,'  Hunterian  Lectures,  1885. 


PERITONEI  M 


Rtsuitinc  from  ptosis,     li    is  quite  conceivable  thai   ptosis  of  the 
,,„!  colon  could  by  traction  convert   a  horizontal  peritoneal  shelf  into  a 
■.ally  placed  parieto  colic  membrane  of  considerable  vertical  extent   which 
would  bound  anteriorly  a  fossa.     Such  traction  formation  is  figured  in  fig.  336. 
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-ILEOCOLIC  FOLD 


ILEO-CAEC.  FOLD 


1  to.  335.     (Crymblo  and  Malcolm.) 

is  been  turned  upwards  to  expose  an  extensive  ileo-ea>eal  fold  which  is  attached  to  ileum, 
cecum,  and  iliac  fossa.     There  is  a  al  fossa  contaiiiinj:  the  vermiform  appendix. 

Flint  i  explains  the  coronally  placed  parieto-coUc  membrane,  occasionally  found 
in  the  fetus,  in  a  Bomewhat  similar  way.    Here,  however,  it  is  the  normal  descent  of 
ecum  which  draws  ou1  the  horizontal  shelf  into  a  coronal  membrane. 


i  rymble  and  Malcolm.) 

horizontal  peritoneal  shelf. 
ind  coli  !  thi    horizontal  Bheli   into  a  coronal  membrane  with  a  fossa, 

t  • .   meml 


Inflammatory.     We   believe  that   some  of  these  folds  attached  to  the 

mi  are  inflammatory  in  origin.    For  example,  in  fig.  332, 

ion  between  the  anterior  abdominal  wall  and  the  ascending 

'  i  ached  itself  to  the  ascending  colon  so  as  to 

i  October,  1912. 
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form  the  anterior  boundary  of  a  median  para-colic  fossa.    We  have  never  seen  this 
condition  in  the  fetus. 

It  is,  however,  quite  impossible  in  most  cases  to  state  whether  a  peritoneal 
fold  or  an  adhesion  is  physiological  or  pathological.  Every  fetal  peritoneal 
arrangement  cannot  be  accepted  as  physiological,  because  the  fetus  may  experience 
inflammatory  changes. 

It  is  without  doubt  that  adhesions  may  disappear  in  the  fetus  and  in  the 
adult.  According  to  Brornan '  adhesions  in  the  fetus  persist  only  in  the  presence 
of  pressure  and  in  the  absence  of  movement. 

If  we  apply  the  same  view  to  the  adult,  all  the  different  folds  and  fossae  can 
be  explained  as  being  the  sequela?  of  inflammation. 


Colon  distended 

Colon  contracted 


Parieto-colic 
membrane 


Paracolic 
fossa 


Fig.  337. — Horizontal  sections  through  the  right -iliac  fossa,  illustrating  diagrammatically  a 

POSSIBLE  MODE  OF  PARIETO-COLIC  MEMBRANE  AND  PARA-COLIC  FOSSA  FORMATION.       (Cryillble  and  Malcolm.) 

A,  condition  previous  to  fossa  formation. 

B,  condition  after  partial  disappearance  of  adhesions. 

Let  us  suppose  a  peri-colic  inflammation,  with  temporary  adhesions  forming 
between  the   caecum,   ascending  colon,  and  neighbouring  structures — e.g.,  small 
intestine,  transverse  colon,   lateral    and   anterior  ab- 
dominal   walls,     great     omentum.        The     adhesions 
disappear  in  the  parts  subjected  to  most  movement. 
These  parts  are  : — 

1.  The  median  aspect  of  the  ascending' 
colon  and  caecum  between  the  anterior  and 
postero-median  taeniae. — This  part  is  exposed  to 
movements  of  small  intestine  and  transverse  colon, 
and  experiences  marked  alterations  in  its  own  form 
through  peristalsis.  The  anterior  taenia  remains 
comparatively  at  rest,  and  therefore  to  it  the  great 
omentum  remains  attached.  Thus  arises  the  median 
para-colic  fossa  of  fig.  332. 

2.  The    lateral     aspect    of    the     ascending- 
colon  above  the  iliac  crest  and  between  the  anterior  and  postero- 
external taeniae. — This  part  is  exposed  to  movements  in  the  lateral  muscular 

1  Ivar  Broinan,  op  cit.,  p.  354. 


Fig.  338. — Transverse  section 
through  the  abdomen  of 
a  fetus  8-3  cm. 
(.1.  Symington). 

V,  body  of  lumbar  vertebra  ; 
K.  left  kidney;  D.C.,  descending 
colon;   P,  peritoneum. 
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iiiin.il  wall,  and  to  the  dilatation,  contraction,  and   peristalsis  of  its  own 

ulature.     It  is  therefore  much  rarer  to  find  parieto-colic  folds  in  this  region 

in  the  iliac    fossa  where  the   postero-lateral  abdominal  wallj  displays  no 

•  .     Note  :  -  and  331  where  the  folds  do  nol  extend  above  the 

."..   The  lateral  aspect  of  the  caecum  and  iliac  portion  of  ascending- 
colon.-  This  is  the  commonesl   seat   of  folds  ami  fossae,  because  this  part  is  not 
to  a  moving  abdominal  wall,  nor  to  the  movements  of  other  viscera,  but 


Fro.  330.     Yn.w  oi   inter-siomoid  fossa.     (Jonnesco.) 

been  divided  in  a  corona]  plane  opposite  the  bottom  of  the  recto-vesical  pouch,  and  the 
colon)  has  been  turned  upwards  and  to  the  right. 

D.(  olon;  8.F.,  km;   I!.,  rectum  covered  by  peritoneum  ;  R1,  rectum  uncovered 

fold  ( 't  t hi'   peritoneum;   S.  A.,  branches  of  the  sigmoid  artery  ;  L.  U., 
y  and  vein;   BL  A.,  lij.inieiitum  umbilicalis  lateralis. 

I    own  intrinsic  movements.     It  is  these  intrinsic  movements  of 

ion  and  contraction  which  account  for  the  lateral  para-colic  and  para-ca?cal 

ipposi    an  adhesion   between   this  part   of  1  he  bowel  and  the  iliac 

contraction  and  dilatation,  the   taeniae  will  remain  as  more  or 

ed    points,   wherea     mosl    movement  will  be  experienced  by  the  bowel 

between  the  taeniae.     At  the  seat  of  this  marked  movement,  the 

Jappear   and    a    Eossa    results,    leaving   a    membrane   attaching  the 

to  the  iliac  Eossa  (fig.  337). 


PERITONEAL  FOSS.E. 


ri,'>r  '  »■»  are  often  found  on  the  posterior  wall  of  the 

irgii  ally  on  account  of  the  fact  that  portions 
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of  tlie  intestine  are  liable  to  become  lodged  in  them,  giving  rise  to  retro-peritoneal 
kerniae. 

Several  of  these  fossae  are  found  in  relation  with  the  caecum,  and  have  already 
been  described  (see  p.  114).  Another  fossa,  the  intcr-sigmoid,  is  very  commonly 
met  with  during  the  fifth  and  sixth  months  of  fetal  life.  This  recess  is  funnel- 
shaped  and  opens  below,  behind  the  root  of  the  mesentery  of  the  pelvic  colon. 
It  extends  upwards  for  a  variable  distance  along  the  course  of  the  ureter.  In  the 
young  fetus  (see  fig.  338),  the  descending  colon  is  connected  by  a  relatively  long 
mesentery  to  the  posterior  abdominal  wall  near  the  median  plane.  The  posterior 
layer  of  the  descending  meso-colon  soon  unites  with  the  peritoneum  in  front  of  the 


'€*9^f*m*\ 


Fig.  340. — A  plica  duodeno-jejunalis  of  small  extent.     (P.  T.  Crymble.) 

The  transverse  colon  has  been  thrown  upwards,  and  the  small  intestine  has  been  thrown  to  the  right.  A 
plica  duodeno-jejunalis  of  small  extent  is  exposed,  a,  transverse  colon  ;  B,  plica  duodeno-jejunalis  ;  c,  jejunum  ; 
D,  pars  ascendens  duodeni  ;   E,  left  kidney  ;   F,  descending  colon  ;   g,  inferior  mesenteric  vein. 


kidney  ;  but  internal  to  this  organ,  the  fusion  of  the  two  layers  of  peritoneum  does 
not  occur  so  readily,  hence  the  formation  of  a  tubular  recess,  which  communicates 
below  with  the  general  peritoneal  cavity.  This  fossa  is  only  occasionally  met  with 
in  a  well-developed  condition  in  the  adult.  Several  fossae,  duodenal  and  duodeno- 
jejunal, are  sometimes  present  near  the  termination  of  the  duodenum.  According 
to  Jonnesco  (Poirier's  '  Traite  d'Anatomie  humaine,'  vol.  iv.,  pp.  256-263),  there 
are  five  varieties  of  fossae  met  with  in  this  region  :  namely,  inferior  duodenal, 
superior  duodenal,  retro-duodenal,  para-duodenal,  and  duodenojejunal. 

The  plica  duodeno-jejunalis  is  a  useful  guide  to  the  surgeon  in  locating 
the  duodeno-jejunal  flexure.     Two  types  of  this  fold  are  found  : — 

1.  The  plica  connects  tke  summit  of  tke  flexure  to  the  posterior  abdominal 
wall  immediately  inferior  to  tke  body  of  tke  pancreas.  It  does  not  extend  to  the 
left  of  tke  inferior  mesenteric  vein,  and  it  accurately  surrounds  tke  musculus 
suspensorius  duodeni  (fig.  310). 

2.  Tke  plica,  more  extensive  tkan  in  tke  previous  type,  connects  the  summit  of 
tke  flexure  to  tke  posterior  abdominal  wall  and  tke  anti-mesenterie  border  of  tke 
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and  a  half  inches  of  the  jejunum  to  the  posterior  surface  of  the 

•-colon.     Jt  .  to  the  left  of  the  inferior  mesenteric  vein,  and 

the  musculus  Buspensorius  duodeni  is  i  aclosed  only  by  ifcfi  median  portion  (figs.  341 

42). 

The  superior  duodenal  fossa  lies  to  the  Left  of  the  ascending  portion  of 

duodenum,  near  its  termination.    The  orifice  looks  downwards  and  the  fossa, 

bounded  in  front  by  the  superior  duodenal  fold,  extends  upwards  to  the  body  of 

the]  I       ■  :it.-i  it .1  dm >.l. mimI  lossa  lies  to  the  left  of  the  ascending  portion 

of  the  duodenum,  being  bounded  anteriorly  by  the  inferior  duodenal  fold.    The  fossa 

downwards  and  to  the  right,  and  opens  superiorly. 

The    retro-duodenal  fossa     lies    behind    the    horizontal    and    ascending 


Fio.  341.     Extensive  pln  i  duodbko-jbjckalis.    (P.  T.  Crymble.) 

i  is  been  thrown  upwards  and  the  small  intestine  has  been  turned  to  the  right.       A 


exposed,     a.  b  colon;   B,  jejunum;  c,  pars  asc.  duod 

-  des  ending  colon. 


D,  inferior  mesenteric  vein  ; 


n  of  the  duodenum  and  in  front  of  the  aorta.     It  opens  inferiorly,  and  is 

terally  by  two  duodeno-parietal  folds.     In  depth,  the  fossa  varies  from 

in. 

para-duodenal  fossa    lies  to  the  left  of  and  some  distance  from  the 

'  the  duodenum,  and  is  bounded  anteriorly  and  laterally  by  a 

sum   raised   from  the   posterior  abdominal   wall  by  the  inferior 

i  partially  encircles  the  orifice  of  the  fossa.     The  orifice  is 

rnwardf  and  to  the  right. 

duodcno-je.junal   fossa   is  exposed,   when   present,  by  dragging  the 

the  jejunum  downwards  and  to  the  right.    It  is 
■  i  olon,  contains  the  duodeno-jejunal  flexure  and  is 
i  duodeno-meso-colic  fold. 
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ABNORMAL   ARRANGEMENT   OF   PERITONEUM. 

Various  abnormal  folds  of  peritoneum  are  found  in  connexion  with  the  different 
parts  of  the  colon.  Those  in  relation  to  the  ctecum  and  ascending  colon  have 
already  been  described,  and  there  remain  to  be  noted  those  affecting  the  transverse 
and  pelvic  colons. 

1.  The  first  part  of  the  transverse  colon  may  be  closely  adherent  to  the  anterior  surface  of 
the  ascending  colon,  a  kink  at  the  hepatic  flexure  being  produced. 

2.  A  portion  of  the  transverse  colon  may  form  a  U-shaped  loop,  the  two  limbs  of  the  loop 
being  closely  united  (fig.  344). 


Fig.  342. — Illustration  of  an  extensive  plica  duodeno-jejunalis.     (P.  T.  Crymble.) 

An  extensive  plica  of  Type  2  is  present,  but  the  musculus  suspensorius  duodeni  is  very  small.  Note  that 
the  latter  structure  is  sharply  limited  laterally  by  the  inferior  mesenteric  vein.  (This  relation  is  always  present.) 
A  communication  between  the  middle  colic  and  inferior  mesenteric  veins  is  present.  A,  transverse  colon  ; 
B,  middle  colic  vein  ;  c,  inferior  mesenteric  vein ;  D,  muscle  of  Treitz  ;  E,  duodenum ;  F,  plica  duodeno- 
jejunalis  ;    G,  descending  colon  ;    H,  jejunum. 


3.  The  apex  of  a  U-shaped  loop  of  transverse  colon  may  be  fixed  to  the  hepatic  flexure,  a 
triple-barrelled  arrangement  being  thus  formed  (fig.  343). 

4.  The  transverse  colon  may  be  fixed  in  a  position  anterior  to  the  liver  (tig.  34.")). 

5.  The  distal  third  or  fourth  of  the  transverse  colon  may  be  fixed  by  a  short  fold  to  the  left  iliac 
fossa  and  posterior  abdominal  wall,  median  to  the  descending  colon  (tic:.  3  Hi).  Tins  arrangement 
of  peritoneum  produces  a  striking  alteration  in  the  position  of  the  small  intestine.  Normally, 
the  small  intestine  lies  in  the  left  ilio-lumbar  ami  pelvic  regions,  with  occasionally  some  inches 
in  the  right  ilio-lumbar  region.  This  abnormal  fixation  of  the  colon  prevents  the  small  intestine 
entering  the  left  ilio-lumbar  region,  and  forces  it  to  take  up  a  position  in  front  of  the  csecum 
and  ascending  colon  (fig.  347). 

G.  The  pelvic  colon  may  form  a  U-shaped  loop  with  the  bowel  entering  and  leaving  the  loop 
closely  united  by  adhesions  (fig.  343),  or  with  the  two  limbs  of  the  loop  closely  united  to  each 
other  and  to  the  descending  and  iliac  colons  (fig.  348). 


PERITONEUM 


;  "VI.       AI'.KANGEMENT      OF       THE 

IND      PELVIC     COLONS.        (P.      T. 

In  nil. If.) 

i  i  a  loop  of  truiisverse  colon  was  fixed 

10  *'•  Bexure.     The  loop  ami  the  proximal 

the    transverse    colon    forming    a 

triple-barrelled  arrangement.     Three 

marked  angnlatiaiu  «.-n-  present  (see  arrows). 

nubs  of  a  loop-shaped  pelvic  colon  were  closely 

•  of  the  loop. 


Fig.  344. — Abnormal  arrangement  of  the 
traxsvebse  meso-colon.  (P.  T.  Cryrnble.) 
Shows  a  loop  of  transverse  colon  disposed 
horizontally  and  lying  behind  coils  of  jejuno-ileuni. 
The  two  limbs  near  the  apex  of  the  loop  are  united 
by  a  close  adhesion,  and  tin-  apex  lav  superficially. 


•.     01 

.  I  rymble.) 

■    right 


-I''.— Abnormal    arrangement    of    peri- 
toneum.    (P.  T.  Cryrnble.) 

I  he    transverse   colon    forms   a  long  V-shaped 
loop,  the  apex   of  which    Ins   in  the  pelvis.     The 
1  third  of  the  transverse  colon  is  adherent  to 
the    posterior  abdominal  wall.     This  arrangement 
oi  C"1  flted  the  entrance  of  small  intestine 

into  the  kit  ilio-lumbar  region,  and  resulted  in  the 
'u  and  ascending  colon  being  covered  by  small 

'.III'. 
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7.  In  fig.  349,  the  transverse  colon  passes  below  the  root  of  the  mesentery  and  behind  the 
coils  of  small  intestine,  and  is  fixed  in  this  position  by  adhesion  to  the  posterior  abdominal  wall. 
The  upper  region  of  the  abdomen  is  completely  shut  off  from  the  lower  region  by  a  peritoneal 
membrane  attaching  the  proximal  fourth  of  the  transverse  colon  and  the  great  curvature  of  the 
stomach  to  the  anterior  abdominal  wall,  and  the  peritoneal  cavity  of  this  lower  region  passes 
freely  upwards  behind  the  stomach,  where  it  is  separated 
from  the  bursa  omenti  minoris  by  a  complete  septum 
bursarum  composed  of  gastro-phrenic  and  gastro-pancreatic 
folds. 

The  bursa  omentis  minoris,  and  the  peritoneal  cavity  in 
relation  to  the  liver,  is  normal.  A  gastro-splenic  ligament  is 
present,  but  it  has  no  connexion  with  the  peritoneal  diaphragm 
above  described,  and  it  shows  a  free  lower  border. 

There  are  two  possible  explanations  of  this  condition  : — 

1.  That  the  colon  rotation  has  not  taken  place  in  the 
usual  manner,  and  adhesion  between  the  transverse  colon  and 
the  posterior  wall  of  the  lesser  sac  has  been  prevented  by  the 
coils  of  small  intestine.  The  lower  part  of  the  lesser  sac  has 
been  invaginated  into  the  gastric  recess. 

2.  The  small  intestine  has  burst  through  the  transverse 
meso-colon,  entered  the  lesser  sac,    and  then  burst  through 
the  great    omentum,    thus    forming   a   free   communication       Fig.  347.— Abnormal  position  or 
between  the  great  sac  and  the  gastric  recess.  small    intestine.       (P.    T. 

Crymble. ) 

Shows  the  arrangement  of  the 
small  intestine  in  the  right  ilio- 
lumbar region  of  the  case  illustrated 
in  fig.  346.  The  small  intestine 
occupied  the  right  ilio-lumbar  and 
pelvic  regions.  The  pelvic  loops 
were  too  complicated  to  figure. 
There  was  no  small  intestine  in  the 
left  ilio-lumbar  region. 


APPLIED    ANATOMY. 

The  peritoneum  is  liable  to  infection 
from  the  viscera  in  its  neighbourhood.  The 
fluid  poured  out  by  inflamed  peritoneum 
or  by  a  diseased  viscus  is  controlled  by 
gravity,  by  the  arrangement  of  the  peri- 
toneum, and  by  the  formation  of  peritoneal 
adhesions. 

The  three  most  dependent  parts  of  the 
peritoneal  cavity,  with  the  body  supine,  are 
the  pelvic  cavity  and  the  kidney  pouches, 
and  fluid  therefore  tends  to  collect  in  one 
or  more  of  these  parts.     Certain  regions 
have    a     peritoneal     arrangement    which 
readily  permits  of   complete    isolation    by 
adhesions — e.g.,  the  lesser  sac  requires  only 
the  obliteration  of  the  foramen  of  Winslow  ; 
and  the  sub-phrenic  region,  or  one  of  its  sub- 
divisions, may  be  isolated  by  an  adhesion 
between  the  transverse  colon  or  omentum 
and    the  anterior    and  lateral  abdominal 
walls. 


Fig.  348. — Abnormal  arrangement  of  the 
peritoneum  in  relation  to  the  pelvic 
colon.     (P.  T.  Crymble.) 

The  pelvic  colon  formed  a  D  -shaped  loop  ami 
occupied  the  left  ilio-lumbar  region.  The  two 
limbs  of  the  loop  were  closely  adherent  to  each 
other  and  to  the  descending  and  iliac  colons. 
This  arrangement  was  present  in  two  elderly 
female  subjects  which  were  dissected  in  the 
Anatomy  Department  of  Queen's  University. 
Belfast,  Session  1909-10.  The  abdomens  were 
quite  free  from  other  adhesions  and  there  was  no 
macroscopic  evidence  of  obstruction. 


PERITONEI  M 


ire  the  common  causes  of  abscess  of  the  various  parts  of  the 

.  avity  : — 
I       right  anterior  intraperitoneal  is  usually  infected  by  a  liver  abscess  or  a 
right  pleural  empyema. 

terior  intra)',  rit sal  is  infected  by  inflammation  of  the  gall- 

bladder,  by  perforation  ol  a  gastric  or  duodenal  ulcer,  or  by  appendicitis. 
In  the  latter  case,  the  pus  passes  upwards,  lateral  to  the  ascending  colon. 
The  gall-bladder,  stomach,  and  duodenum  arc  contents  of  the  space. 

left  anterior  intraperitoneal  is  infected  by  a  left  pleural  empyema,  a  per- 
forated  gastric  ulcer,  01  an  appendicitis.  In  the  latter  case,  the  pus  passes 
from  the  pelvis,  where  it  has  collected,  upwards,  being  guided  to  the  space  by 
the  mesentery  or  by  the  lateral  surface  of  the  iliac  and  descending  colon. 
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";MW  '.m,,i    PERITONEUM  AND  TRANSVERSE  COLON.      (P.  T.   Crymble.) 

r  the  root  of  the  met  id  behind  the  jejuno-ileum.    Throughout 

Iherent  tothi   posterior  abdominal  wall  or  to  viscera  lying  on  the  posterior 
H  ilio-lumbar  region  communicatea  Ereely  with  a  retro-gastric  space.    The  small 
-gastric  space,  the  left  flio-lumbar  region,  and  the  pelvic  cavity. 


terior  intraperitoneal  space  or  lesser  sac  is  infected  by  lymph- 

mperior  pancreatic  glands,  by  pancreatitis,  or  by  perforation 

h  wall. 

tnbar  space  is  usually  infected  by  the  vermiform  appendix. 

may  be  infected   by  perforation  of  the  jejuno- 

lently  the  lower  two  feet  of  ileum,  in  typhoid  fever— or  by 

equently  infected  in  the  female,  owing  to  the 
•'   "I  the  uterine   tubes.     Owing  to  its  dependent 


SENSIBILITY  OF  THE  PERITONEUM  367 

position,  fluid  from  any  perforated  viscus  tends  to  collect  here,  and 
inflammation  of  a  vermiform  appendix  directed  towards  the  pelvis  readily 
infects  the  space. 


MOVEMENTS  OF  THE  OMENTUM. 

J.  E.  Adams  (Lancet,  March  8,  1913),  by  attaching  lead  pellets  to  the  border  of 
the  omentum  and  examining  by  the  X-rays,  found  that  the  movement  was  slight 
and  ajmeared  to  be  secondary  to  intestinal  peristalsis. 


SENSIBILITY   OF   THE   PERITONEUM. 

Carl  Franke  (Berl.  klin.  Woch.  Oct.  11,  1912)  discusses  the  sensitiveness  of  the 
abdominal  viscera.  These  viscera  are  innervated  by  the  vagi,  the  sacral  autonome, 
and  the  sympathetic  ;  but  they  contain  no  sensory  fibres.  Pain  in  an  abdominal 
organ  is  due  to  stimulation  of  ordinary  spinal  nerves,  issuing  from  the  posterior 
spinal  roots. 

In  the  human  subject,  the  experience  of  local  anaesthetics  permits  of  a  number 
of  deductions.  The  parietal  peritoneum  is  extremely  sensitive,  and  has  the  power 
of  localisation  to  some  extent.  Pain  is  felt  in  the  mesentery  right  up  to  the 
intestine.  The  liver,  apart  from  its  peritoneal  covering,  is  insensitive.  The 
gastro-intestinal  canal  is  insensitive  :  the  pain  of  intestinal  colic  being  due  to 
dragging  on  the  mesentery,  and  the  pain  of  biliary  colic  being  due  to  dragging  on 
the  nerves  at  the  neck  of  the  gall-bladder. 

For  further  information  on  the  peritoneum,  consult  : — ■ 

1.  Moynihan,  Betro-peritoneal  Hernia.     London,  1S99. 

2.  G.  S.  Huntington,  Human  Peritoneum.     Philadelphia,  1903. 

3.  D.  G.  Reid,  Journal  of  Anatomy  and  Physiology,  vol.  xlvi.,  1911-12. 

4.  P.  T.  Crymble,  'The  Muscle  of  Treitz  and  the  Plica  Duodeno-Jejunalis,  British 
Medical  Journal,  Oct.  15,  1910 

5.  Crymble  and  Malcolm,  '  Para -colic  Folds  and  Fossw,'  Transactions  of  the  Ulster 
Medical  Society,  1912-13. 
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Abdomen,  74 

delimitation  of,  74 
position  of  viscera  of,  76,  80 
regions  of,  74 
zones  of,  75,  78,  79 
Abdomen  and  pelvis,  1,  62 
capacity  of  cavity  of,  71 
cavity  of,  63 
contents  of,  62 

external  form  and  shape  of,  62,  64 
form  of  cavity  of,  65 
muscles  of,  63 
peritoneum  of,  73 
shape  of  cavity  of,  65,  68 
subdivisions  of,  63 
walls  of,  62-63 
Abdominal  mammae,  311 
regions,  74 

surface  of  bladder,  225 
viscera,  76,  80 
Accessory  bronchi,  193 
liver,  144 
lobe  of  lung,  191 
pancreas,  150 
pancreatic  duct  (ductus  accessorius) 

[Santorini],  106,  149-150 
parotid    gland    (glandula     parotis 

accessoria),  18 
spleens,  315 
suprarenal  glands,  330 
thyroids,  321 
Adams  on  prostatic  secretion,  271 
Adams  (J.  E.)  on  movements  of  the  omentum, 

367 
Addison  on  division  of   thorax  and  abdomen 

into  regions,  77,  137 
Aditus  laryngis,  165 
Adrenals,  327 
Aeby  on  the  distribution  of  the  bronchi,  193 

on  calibre  of  trachea,  172 
Agminated  glands  (noduli  lymphatici  aggre 

gati),  107' 
Air-cells  of  lung,  202 
Alglave  on  situation  of  kidney  in  the  infant, 

210 
Alimentary  canal,  1 

Alveolar  processes  of  jaws,  2,  41,  42,  43 
Alveoli,  mammary,  308,  310 
Alveolo-labial  sulci,  2 
Alveolus,  dental,  26,  27,  42,  43 
Ammon  on  supernumerary  mammary  gland, 
311 
vol.  n.  tart.  n. 


Ampulla  of  ductus  deferens,  247 
of  lactiferous  ducts,  308 
of  rectum,  121 
of  uterine  tubes,  281 
Anal  canal  (pars  analis  recti),  122 
anterior  relations  of,  123 
arteries  of,  130 
length  of,  123 
lymphatics  of,  131 
muscles  of,  129 
nerves  of,  131 
sinuses  of,  129 
structure  of,  129 
valves  of,  129 
veins  of,  130 
Anderson  on  nerves  of  thyroid  gland,  323 
Annular  pancreas,  150 
Ano-coccygeal  body,  123,  295 
Anus,  1,  122,  129,  131 

imperforate,  131 
Aperture,  laryngeal,  165 
Apex  of  lung,  185,  186 
of  prostate,  269 
Apical  bronchus,  182-193,  195 
Aponeurosis,  pharyngeal,  54 
Apparatus  digestorius.     See  digestive  system, 
1 
respiratorius.  Si  <      respiratory 

system,  152 
urogenitalis.  Sei        urogenital 

system,  204,  234 
Appendices  epiploic®,  123 
Appendix  epididymis,  242 

testis  (hydatid  of  Morgagni),  24  2 
ventriculi  laryngis,  165 
vermiform  (processus  vermiformis), 
110.  113,  114,  123,  124,  125,  127, 
130 
vesicae,  233 
Arbor  vitae  uterina,  2S7,  291 
Arch,  dental,  5,  25,  43 
Arcus  palato-glossus,  51 

palato-pharyngeus,  51 
Area,  mammary,  310 

of  precordial  dullness,  L91 
Areola,  mamm®,  305 
Areolar  coat  of  large  intestine,  125 
el  liver,  K>2 
of  oesophagus,  <>l 
of  small  intestine,  10 1 
of  stomach,  92,  94 
Arnold  on  lymphoid  tissue  of  Lung,  200 
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.if  pleura,  I B5 
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of  rectum,  130 

mi   and   spermatic  cord,   240 
of  gemiual  \  i  aides,  252 

i. ill  intestine,  107 
of  Bpleen,  3 1 7 
nf  stomach,  95 

■  if  Bublingu  il  gland,  2 1 

nf  submandibular  gland,  23 

iprarenal  glands,  330 
..f  teeth,  36 
.•f  teal  is,  252 

..f    til  VII 

.if  thyroid  gland,  322 

■  if  tongue,  I  l 

■  if  tonsil 

.if  t raohi  i.  176 

"if  IIP  '    I.   221 
oi  -".' I 

..f  \  t _ 1 1 1 1.  295 
..f  \  ulva 

i.  of  kidney,  21  I 
interlobular!    ,214 
21  l 

.ten.  .id.    159 

• 
lottic  folds,  166 

muscle,  160,  164 

153,  155.  165,  166,  167 
■  lopmenl  of,  157 
i  ion  of,  157 
is  muscularis  of,  155 
of,  155 

• I  i  ni ilage  of,  155 

160,  I'll 
of,  1 64 
bronchio 
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.I  birth,  l"'l 
III 
316 
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Ballantyne   and  Williams    on    ostium   abdo- 

minale  "I  uterine  tubes,  281 
Bands,  muscular,  "I  colon  (tone  coli),  124-125 
Bartholin,  duel  ol  (ductus  sublingualis  major), 

.'I 

nil-  ..I  (glandules  vestibularis  majores), 
303 
Basal  sui  face  of  bladder,  222 

of  spleen,  31  l 
B  i  je  oi  bladder,  223 
■  ■I  lung,  185 
.if   prostate.  2119 

uelor  mi  varieties  ..|  inammary  gland,  310 
Berrj   (•!.)  on  length   of   great    curvature  of 
stomach,  9 1 
on     suspensory     ligaments     of     thyroid 

gland,  319 
.hi  length  of  vermiform  appendix,  113 
Beri  in.  columns  of  (columns  renales),  212,  213 
Bicuspid    teeth    (premolars),   24,   27.   32.   37, 
in.   I.", 

Bile-duct,  common  (ductus  choledochus),  98, 

99,  I  ll.  145.  147.  I  19 
Birmingham  on  absence  of  ileo-colic  valve,  128 

on  ducts  oi  I!i\  inus,  2 1 

on  in  use  nla  r  111  ires  of  c  esophagus,  lid 

on  the  stomach-bed,  90 
Bismuth  meal,  82-86 
I  Slacker  on  labia  niaj.ua.  31 II I 
Bladder,  gall,  133,  131.  136,  144.  145 

urinary.     See  urinary  bladder,  204,  221 
Blatchford  on  variations  of  duodenum,  101 

Bloodless   fold   [Treves  |.    I  I  I 
Blood-vessels.     See  arteries  and  veins. 
Body    of  pancreas.    146,    147,   148,    149 

oi  penis.  253.  255 

of  tongue,  ii 

of  tooth.  26 

of  uterus.  283.  28(1.  287,  288.  289.  290, 
291 

Wolffian,  239.  249,  282,  289 
Bodies,  chxomaphil,  or  paraganglia,  331 
Border,    mesenteric   of   small    intestine.    103 
Brachel  on  the  number  of  lobes  of  the  liver, 

140 
Bradley  on  blood- supply  for  lobes  of  liver,  140 
Braune  on  t  he  duodenum,  97 
mi  calibre  of  trachea.  172 
on  cardiac  orifice  of  stomach,  87 
Breast.  304 

mi  n!  i.i  mi  ins  (ligamentum latum 
uteri),  285,  289.  344 
Bioe.l.  I  on   blood-\  essels  of  kidney,  215.  21(1 
on  development  oi   vermiform  appendix, 

112 
"ii  length  of  vermiform  appendix,  113 
mi  position  of  vermiform  appendix,  113 
Broman  on  bursa  infra-cardiaca.  59 

mi    formation    of    para-colic    folds    and 
fossae,  359 
Bronchi,  right  and  left,  173 

carina  I  rachese  of,  174 
struci  ure  of,  176 
W  it  bin  the  lungs.    192 

ipica]  or  eparterial    branch  of, 

174,  192.  193,  196 
blood-vessels  of,  198 
cartilaginous  rings  of,  170 
dorsal   branches  of.  192.193,195 
hyparterial  branch  of,  174,  193 
lymphatics  of,  200 
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Bronchi,  within  the  lungs — 

physical  properties  of,  202 
subcardial  branch  of,  192 
structure  of,  195 

ventral  branches  of,  192,  193,  195 
Bronchioles,  196 

Brooks    on    plicae    cireulares    (valvulse    con- 
niventes),  105 
on  reflexion  of  pleura,  182 
Brunner's  glands    (glandulae  duodenales),  98, 

106 
Bruhns  on  lymphatics  of  ovary,  278 
Buccaa  (cheeks),  3,  5 
blood-vessels  of,  5 
lymphatics  of.  <i 
nerves  of,  6 
Buccal  glands,  5 
Bueco-pharyngeal  fascia,  54 
Buds,  taste,  9 
Bulb    of    corpus    cavernosum    urethrae,    123. 

259,  266 
Bulbo-urethral  glands  (Cowper's  glands),  268 
Bulbous  portion  of  urethra,  259,  266 
Bulbs,  vestibular,  300,  301,  302,  303 
Bursa,  infra-cardiaca,  59 

omenti  majoris.  89,  337,  350,  352,  353 

foramen  of,  346,  348,  350,  351 
omenti  minoris,  89,  345,  347,  350 
middle  recess  of,  346,  347.  353 
superior  recess  of,  346,  353 
vestibule,  of,  346,  353 


Cecum  (intestinum   caecum),  110,    111,  334, 
343,  354,  359,  360 

development  of,  112 

dimensions  of,  112 

fetal,  112 

fossa?  of,  114,  361 

ileo-caecal  fold  of,  114 

ileo-colic  fold  of,  113 

orifices  of,  127 

position  of,  111 

types  of,  112 

vermiform  appendix,  113 
Calyces  of  kidney,  renales  majores,  216-217 

renales  minores,  216-217 
Canal  or  canalis,  alimentary,  1 

anal.  122,  129,  131 

of  epididymis.  242,  245 

gastricus,  89,  94 

hepatic,  132 

inguinalis,  235 

of  Nuck,  240,  289 

portal,  132 

pyloric,  89 

of  Stensen,  15 

of  Wirsung,  149 
Canine  teeth,  24,  27,  31,  39,  40,  42,  43,  45 
Capsula  adiposa  of  kidney,  211 
Capsule,  of  Glisson,  132 

glomerular,  214 
Caput  coli,  111 

epididymidis,  242 
gallinaginis,  26.'! 
Cardia,  87,  89,  90,   91,  94 
Cardiac  gland,  331,  333 
orifice,  82,    92 
portion  of  stomach,  82,  89 
Carina  urethralis  vaginae,  294 
Carotid  gland  (glomus  caroticum),  331,  332 


Cartilage   or  cartilages,   arytenoid,    153.    155 
157,  162,  163,   165,  166,  167 
bronchial,  176 

corniculate,   L53,  155,  165,  166 
cricoid,  153,  154,  157,  158,  159,  169,  323 
cuneiform,  153,  155,  166 
epiglottic,  153,  155 
of  larynx,  1 53 
of  Luschka,  163 
of  Santorini,   153,  155 
sesamoid,  155,  156 
thyroid,  153,  157,  158,  159,  161,  163,  168, 

318,  319 
tracheal,  174 
of  Wrisberg,  153,  155 
Cartilago  triticea,  158 
Carunculae  myrtiformes,  297 
Cat,  development  of  mammae  of,  310 
nerves  of  parotid  of,  22 

of  trachea  of,  176 
spleen  of,  316 
Cauda  epididymidis,  242 
Ca.udate  lobe  of  liver  (lobus  caudatus),    133, 

134.  135.  140 
Cavity,  abdomino-pelvic,  63 
nasal.  47,  50 
of  pharynx,  47 
of  pleura,  17(i,  178 
of  uterus,  286 
Cavum  abdominis,  63 

dent  is.  28,  38,  39 

laryngis,  164 

oris  (cavity  of  mouth),  1 

proprium,  2 
pelvis,  63 
peritonei.  338 

prevesicale,  or  cavum  Retzii,  225 
Cells,  chromaphil.  329,  331,  332,  333 
colloid,  of  thyroid  gland.  321 
lymphoid,  of  thymus  gland,  326 
reserve  of  thyroid  gland,  321 
Cementum,     or    crusta    petrosa     (substantia 

ossea),  28,  36,  39 
Cerato-cricoid  ligaments,   159 

muscle,  161 
Cervical  fistulae,  56 

pleura,  or  cupula  pleura?,  179.  184 
Cervix  of  bladder,  223 
of  penis,  253 

of  uterus.  285,  2X6.  288,  289,  290,291 
Chaput  and  Lenoble  on  diameter  of  jejunum, 

102 
Cheeks  (buccae),  3,  5 
blood-vessels  of,  5 
glands  of.  5 
gums  (gingiva1),  5 
lymphatics  of,  6 
mucous  membrane  of,  5 
nerves  of,  (i 

sucking-pad  of  (corpus  adiposum  buccae), 
5 
Chromaphil  bodies  or  paraganglia,  331 
Chievitz  on  duct  of  Bartholin.  24 

on   ossification  of  cartilaginous  rings  of 
trachea,  176 
( !hoa  1183,  17.  5(> 
cleft,  pharyngeal,  50,  53 

pudenda]  or  vulval,  271,  298.  302 
visceral,  56 
Clefts  of  tonsil  (fossulse  fconsillares),  53 
Clitoris.  298,  300  301,  303 
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.   110,   114.   L24,   L26,  334,  355, 

110,  116  117.  124.  125,  334, 
361, 
I  length  of,  120 
.  110,  117.  125,  3 

10,  118.  120,  125,274,335,344,363 

.   110,  115.   124,  125,   L26,  336, 

[43,  344,  355,  363 

'  1 1  in  (columns  renales),  212.  213 

(columns  rugarum  vagina) 

Common  bile-duel   (duotus  oholedochus),  98, 

I  11.  145.  ItT.  1  19 
ii. ii  duot   (ductus  ejaculatorii),   246, 
232.  265,  269 

■  11-1,1.  :;lVi 
olosi  (lobuli  epididymidie  .  244 
•  ionioal  papills,  B,  9 
.  i  i8 

,214 
■i  mediae!  inum  teel  is,  -'  13 
mi  •  mus,  327 

•  untie  (funioulua  spermaticus),  235 
Corniculate   cartilages   of    larynx,    153,    155, 

L65,  

■  ■ii  pelvic  colon,  1  20 
Oornua  of  thyroid  cartilage,  154 

■  Jin-  penis,  255 

■  f  liver.  139.  338,  339,  340 
Hi  ii  of  o\  ary,  27ii 
clitoris,  300 
penis,  253,  256 
Liposum  but  i  SB,  5 

■mi  urethra,  253,  259.  2ti<'> 
opididymidis,  242 

High m.  243 

luteum,  276 

-inn.      S<  i  corpus  cavernosum 
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n,  of  kidnej .  213 
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Cricoid  cartilage,  morphology  i>f,  157 
ossiftcal  ion  of,  157 
supi  i  ioi   boi  der  of,  154 

benoid  articulations.  159 

muscle,  lateral,  162 

oi  i  ion  of,  162 
muscle,  posterior,  161 
action  of,  161 
<  ariety  of,  161 
i  !rioo-thyroid  arl  iculal  ions,  159 
mhrane.  15s 
muscle,  l«il 

action  of,  161 
Crown  of  tooth,  25,  26,  27,    28.    31,   33,   35, 

37,  40 
t  i  ma  of  clitoris.  31)0 

of  corpora  cavernosa  penis,  256 
( 'rnsta  pctrosa,  28 

il>lo  on  museulus  suspcnsorius  duodeni, 
101 
( 'i  \  ptorchismus,  24'J 

Crypts  °*  Lieberkiiliu  (glandulse  intestinalcs), 
103.  125 
of  mucous  membrane  of  tongue,  10 
of  teeth,  43 
Cul-de-sac,  89,  94 
Cullingworth  on  glands  of  Bartholin,  303 

on  labia  majora,  300 
Cuneiform  cartilages,  153,  155,  166 
Cunningham  on  delimitation  of  abdomen,  75, 
136 
on  facets  of  kidney.  209 
on  the  kidneys,  207 
on  the  shape  of  the  spleen.  314 
on    sphincter    fibres   of    jjyloric    part   of 

fcomach,  94 
on  relation  of  duodenum  to  right  kidney, 
100 
Curvatures  of  oesophagus,  58 

of  stomach,  82,  85,  87,  89,  91,  92 
Kion  of  Eustachian  orifice,  49 
Cushions,  levator,  50 
Cuspidate  teeth,  31 
Cusps,  dental,  31.  33,  35,  37 
Cuticle,  dental  (Nasmyth's  membrane),  44 
Cystic  duct,  144,  145' 


Dartos  tissue.  238,  239,  255 
Debierroon  ileo-colie  valve,  128 
Deciduous  teeth.  21.  25,  35.  37,  39 

period  of  eruption  of.    14 
Deferent  dud  | ductus  deferens),  235,245 

ampulla  of  [  Henle],  247 
Deglutition,  larynx  duriiiL'.   164 
Delmar  on   variations  of  ca>cum,   112 
Dental  arches,  5,  25,  26,  12.  13 

elll  \  e.    25 

cuticle,  44 

.  36,  37 
index,  26 
papillje,  37,  38 
periosteum,  27 
rudiments,  16 
sacs,  37 
Dentes  or  teeth,  l.  24 

in< .  24,  2."..  27,  31.  39,  40 
crowns  of,  or  body  of,  25,  26,  27,  28,  31, 

33 
deciduate,  2).  25.  35.  37.  39,  44 
incisor.  25,  27.  28,  40 
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Dentes  or  teeth — 

molars,  24,  25,  27,  32,  35,  37,  39,  41,  43 

permanent,  24,  25,  28,  40,  42 

post-natal  development  and  growth  of,  30 

of  prehistoric  man,  35 

premolars,  24,  25,  20,  27,  32,  37,  40,  45 

root  of,  20,  27,  30,  32,  33 

wisdom,  25,  33,  34,  37,  45 
Dentine,  28,  37,  38,  39 
Dentition,  24,  46 

changes  in  jaws  during,  41,  42,  43 

diphyodont,  24,  46 

heterodont,  24 

homodont,  24 

megadont,  20 

mesodont,  20 

microdont,  20 

monophyodont,  46 

polyphyodont,  40 

post- permanent,  or  tertiary,  46 

prelacteal,  40 
Descending  colon,  110,  116 
Descent  of  caecum,  112 

of  ovary,  276,  277 
of  testis,  235,  239,  240 
Detrusor  urinae  muscle,  233 
Development,    of    caecum    and    vermiform 
appendix,  112,  113 

of  cartilages  of  larynx,  157 

of  glandular  tissue  of  prostate,  271 

of  liver,  139 

of  mammary  gland,  310 

of  teeth,  post-natal,  36 

of  thyroid  gland,  320 

of  ureter,  209 
Diajilrragmatic  pleura,  179,  185 
Diastema,  25 
Dickey  (J.  S.)  on  apical  portion  of  lung,  186 

on  cervical  pleura,  184 

on  origin  and  distribution  of  bronchi,  192 
Differences  between  jejunum  and  ileum,  102 
Digestive  system  (apparatus  digestorius),  1 

parts  of,  1 
Disse  on  position  of  urethral  orifice,  224,  231 
Diverticula,  oesophageal,  62 

pharyngeal,  56 
Diverticulum,  Meckel's,  103 
Dixon  (A.  E.)  on  form  of  empty  bladder,  222, 
335 

on  prostate,  269 

on  supernumerary  kidney,  211 
Dog,  nerves  of  parotid  of,  22 
of  trachea  of,  176 

spleen  of,  316 
Dorsal  artery  of  penis,  256,  200 

vein  of  penis,  256,  260 
Dorsum  of  penis,  253,  255,  256 
Douglas,  pouch  of,  122,  288,  294,  344 
Drummond    (H.)  on    the   arterial    supply   of 

rectum  and  pelvic  colon,  130 
Dubois  on  morphology  of  cartilages  of  larynx, 

157 
Duct  or  ducts — ductus — 

of  Bartholin  (ductus  sublingualis  major), 
24 

hill',  common   (ductus   choledochus),   98, 
100,  144,  145,  147,  149 

l.iliferi,  144 

cystic,  144,  145 

deferens,   226,   235,   245,   249,  250,   251, 
252,  335 
course  and  relations  of,  245 


Duct  or  ducts — ductus — 
deferens — 

dimensions  of,  247 
structure  of,  247 
efferentes  testis  (vasa  efferentia),  244,  245 
ejaculatorii  (common  seminal),  240,  252, 

265,  269,  270 
epididymidis,  242,  245 
[  of  Gartner  (epoophori  longitudinalis),  280 
'hepatic,  140,  144,  145 
hepato  -cystic,  145 
lactiferous,  308 
lingualis,  10 
Mullerian,  234,  235,  265,  271,  291,  294, 

296,  298 
pancreatic  (canal  of  Wirsung),  100,  149 

termination  of,  98,  145 
para-urethrales  (Skene's  tubes),  298 
parotid  (Stensen's  duct),  21 
prostatic,  270 
of  Eivinus  (ductus  sublinguales  minores), 

24 
of  Santorini  (ductus  accessorius),  100, 149 
submandibular  (Wharton's),  23,  24 
thvro-glossal,  10,  321 
ductuli  transversi,  280 
venosus,  139 

fossa  of,  133,  134,  337 
Wolffian,  229,  234,  235,  271,  280,  294,  298 
Ductless  glands,  312 
Duodenal  fossa1,  100,  301 
inferior,  361,  362 
superior,  301,  362 
Duodeno -jejunal  flexure.  100,  101,  361,  362 

fossa,  301,  362 
Duodenum,  97, 145, 147,149,  334,  340, 343, 361, 
362 
diverticula  of,  101 
divisions  of,  98 
glands  of,  98,  106-107 
papillae  of,  106 
pars  ascendens  of,  100,  362 
descendens  of,  99,  334 
horizontalis,  100,  362 
superior,  98,  345 
peritoneal  relations  of,  101 
plica  duodena-jejunalis  of,  101,  361 

longitudinalis  of,  100 
suspensory  muscle  of,  101,  301.  362 
varieties  of,  101 
Duverne37,  glands  of,  303 


Ebner  on  lingual  glands,  10 

Efferent    ducts    of    testicle  (vasa  efferentia), 

242,  244.  24:, 
Eggeling  on  morphologv  of  mammary  gland 

310 
Ejaculatory    duct    (ductus    ejaculatorii).    210. 

252,  265,  269 
I'll,  pliant,  testes,,!',  240 
Ellis  on  muscular  fibres  of  bladder,  233 
Enamel,  28,  30,  3S,  39,  43,   1 1 

germs,  .'!7 

organ,  :;7.  39,   M 
End-bulbs,  9 

Eparterial  branch  of  bronchus,  174.  192.  193 
Epididymis,  242.  243.  245,  2  10,  2  is 

appendix  of,  242 

canal  of  (ductus  epididymidis),  245.  24S 

.•a put  of,  242,  249 

cauda  of,  2 12 


I  m  1 1  •:  \ 


_■  i  _■ 
atum  inferius  of,  J).' 
superiua  of,  2 12 
248 
uid,  lTn 
1  •-'.  155 

153    155 
l\  mphal  ios  of,  1 70 
morphology  of,  157    158 

inn i^  membrane  of,  170 

|hi-ii ion  ,.f,  1 55 

in  swallow  in ..  164 

.,(    (tuberoulum    epiglotticum), 

Epiploic  foramen  (foramen  epiploicum)  [Wine 
I,.,  145 

parovarium  or  organ  "f  R 
mull'  l  I,  280 
longitudinal   duel    ol    (ductus   epoophori 
longitudinals  .  280 
lophoron,  280 

.  .In.  i  nl.-  of  (ductuli  transversi), 
280 

2  •••.  259,  266 
aei        of,  260 
of  vulva,  300 
ition  "f  teeth,  13 

I  uo  us,    II 
permanent .  14,  15 

-.  dental  cusps  of,  33 
posil ion  of  in  \  25 

in  orifice,  cushion  of,  19 
tubes  (tubse  auditi\  »),  17,  19,  55 
rl  on  female  urethra,  298 

n  .I. n elopmen!  of  \ agina,  294 
i  ■!    bronchi    and    pulmonary     blood- 

194,   198 

oa    ( pouch   of  Douglas), 
288.  294,  344 

■  nil  ine,  336 
iterine,  3 
i  on  longitudinal  i  mall  intestine, 

mi 

•ii.il    urethral    orifice  (orificium    urethra? 
i  num)  of  female,  2'.i7 

of  d         266,  267 

'     'i      :■  .    I  I 

.  31 


imi  hi   of  liver,    133,    135,  138. 
i".  341 
i  ■    tubes  (1  ubre  uterinae).     S<  i    uterine 

271,  280.  28 

26,  27,  28,  32,  33,  35,  38,  40, 

275 

•  al,  ~>i 

nal      |"  i  matic, 
239 

i  spei  in  it  H-.  239 
239,  243 

• .  51 

<    ,.  |n| 

lix,  L 13 


Female     genital     organs     (organa     genitalia 
muliebria),  234,  271 
olitori  .  298,  300 
externa]   genital  organs  (partes  genitales 

externa)),  272,  298 
labia  majora,  298,  299 

minora  or  nymphse,  298,  299 
mons  pubis,  298,  299 
ovaries  (ovaria),  271,  272 
pudendum  oi  \  ulva,  298 
uro-genital  space  or  pudendal  cleft,  271, 

272,  298,  302 
uterine  tubes  (tubs  uterinae),  271,  280 
uterus  271,  283 
ina,  271,  292 
vestibular  bulbs,  298,  302 

glands    (glandulsa    vestibularis 
majores),  298,  303 
ous  coal  "I  kidney  (tunica  fibrosa),  211 
of  liver,  132 

of  penis  (tunica  albuginea),  257 
nf  spleen  (tunica   propria),  .'illi 
of  suprarenal  gland,  32S,  32!i 
of  testicle  (tuniea  albuginea),  242, 
243 
sheath  of  prostate,  270 
Filiform  papilla;,  9 
Fimbria,  ot  arian,  27 1.  282 
Fimbria?,  282 

Fimbriated   extremity  of  uterine  tubes,  274, 
278,  281,  282 

i    on   internal  sphincter  of  urethra.  262 
Fischer  (E.)  on  parathyroid  glands,  323 
Fissure  or  fissures — 

of  ductus  venosus  (fossa  ductus  venosi), 

133.  134.   L39,  337 
Of  liver.   133 

longitudinal  (fossa  sagittalis  sinistra),  133 

of  lung,  187 

portal    (porta    hepatis),    133.    135,    136, 

L39,  336,  337 
umbilical   (fossa   venae  umbilicalis),   133, 

136,  138,  I  in.  lit 
of    vena    cava    (fossa    venae   cava;),    133. 

134,  L35,  139 
Fistula;,  cervical,  56 

Flexure,  duodenojejunal.  100.  14S,  361 

hepatic.  114.  115,  llii.  124.  L36,  336,  355 
splenic.  1 L5,  116,  1 17.  124,  336,  341,  354 

Flint  on  duels  of  submaxillar}  gland,  -'■'< 

Floal  ing  kidnej  .211 

Flowers   on    dental    index   of  premolars  and 
molai  3,  26 

Fold   Or   folds,   Ol   anil   canal.    129 

ary-epiglottic,  54,  156,  166,  168 

gastro  pancreatic,  89,  348,  3">1 

gasl  ni  renal,  89 

glosso  epiglottic,  7.  54,  156,  159 

ileal,  355 

ileo-csecal  (inferior  ilco-csecal  of  Treves), 

l  I  I 
ileo-colic  (superior  ilco-csccal  of  Treves), 

113 
intei  ai  \  i.  Hold.  |H7 
para-colic.  .">."")7 
parieto  colic,  354.  3.37,  360 
i eel o  ■  i  oil  .I-  227 
iitern  \ esical,  288 
Bacro  genital,  226,  345 
salpingo  -pharyngeal,  50 

ailunar.  of  uterus,  2SS 
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Fold  or  folds,  of  sinus  tonsillaris,  52 

transverse  peritoneal  of  bladder,  227 
ventricular,  159,  165,  167,  168 
vocal,  152,  164,  165,  168 
Follicles,  Graafian,  272,  276,  277 

lymphoid.     See  lymphoid  follicles 
of  spleen  (noduli  lymphatici  lienalis),  317 
of  thymus  gland,  325 
Foramen  apicis  dentis,  35 

caecum  of  tongue,  7,  10 
epiploicum  [Winslowi],  336,  337,  340, 
Foramina,  naso -palatine,  L5  J545 

Foreskin  or  praeputium,  253 
Fornix  of  vagina,  292 
Fossa  or  fossae,  anterior  palatine,  15 
of  vallate,  papilla-,  9 
of  ductus  venosus,  133,  134,  139,  337 
duodenal,  100,     361 
inferior,  361,  362 
superior.  361,  382 
duodeno -jejunal.  361,  362 
for  gall-bladder,  133,  136,  145 
glosso-epiglottic,  8 
lleo-caecal,  114 
inguinal,  lateral,  334 

median,  334 
intersigmoid,  361 
ischio  -rectal,  123 
nasal,  16 
navicularis  urethrse,  266 

valve  of,  267 
navicularis  vestibuli  vagina?,  302,  303 
obturator  peritoneal  [Waldeyeri],  247,  288 
ovarica,  274 
para-colic,  354,  357,  359 
para-duodenal,  361,  362 
para-vesical,  247,  288 
peritoneal,  114,  360 
retro-caecal,  114 
retro-colic.  114 
retro-duodenal,  361,  362 
retro-ureteric  of  bladder.  229 
of  Rosenm  idler,  49,  50,  51 
sagittales  dextra?,  133 
supra-tonsillaris,  52,  53 
supravesical,  334 
tonsillar,  53 
venae  cava1,  133,  135 

umbiliealis,  133 
vesicae  fellese,  133,  136 
Fossulae  tonsillares,  53 
Fourchette,  299,  300,  302 

Frama  or  retinacula  of  ileo-colic  valve,  127,  128 
Franke  on  sensibility  of  peritoneum,  367 
Frazer  on  early  development  of  Eustachian 

tube  and  naso-pharynx,  50 
Frenulum  labii,  2 

labiorum  pudendi,  299 
lingua,  3,  6.  23,  24 
praeputii,  253 
Fraenum  of  clitoris,  301,  302 
Frohse  on  nerves  of  cheek,  6 
Fundus  of  bladder,  223,  228 
of  gall-bladder,  145 
of  stomach,  81,  82,  89,  91 
of  uterus,  283,  291 
Fungiform  papillae,  8,  9 

Gall-bladder  (vesica  fellca),  133,  136.  144,  145. 
340 

duct  of  (ductus  choledochus),  145 


Gall-bladder,  fundus  of,  145 
neck  of,   145 
varieties  of,  145 
Gartner's    duet    (ductus    epoophori     longitu- 

dinalis),  280 
Gaskell  on  nerves  of  bladder,  234 
Gastric  recess,  352 

surface  of  spleen,  no.  314 
Gastro-hepatic  omentum.  :>45 
Gastro-phre.nic  ligament,  89,  336,  351 
Gastro-pulmonary  system,  1 
Gastro-splenic   ligament    (ligamentum   gastro- 
lienale),  91,  315,  336,  337,  352 
omentum,  73 
Gastro-pancreatic  folds,  89,  348,  351 
Gastro-renal  folds,  89 

Gegenbaur  on   morphology    of     cartilages    of 
larynx,  157 
on  morphology  of  mammary  gland.  310 
on  palatine  folds,  16 
on  plica  fimbriata  of  tongue,  6 
Genital  organs,  204,  234,  271 
female.  234,  271 
male,  234,  235 
Gerlach  on  contraction    of   intrinsic    muscles 

of  larynx,  169 
(Term  epithelium,  275 
Germs,  dental,  36,  37 

enamel,  37 
Gingivae  (gums),  5 

Giraldes  on  absence  of  teeth  in  infant  sixteen 
months  old,  44, 
organ  of,  249 
Gladstone  on  varieties  of  ureter,  221 
Gland  or  glands — glandulae — 
acino -tubular,  10,  151 
agminated,  or  glands  of  Peyer,  107 
of  alimentary  canal,  1 
anterior  lingual.  10 
ante-prostatic,  268 
of     Bartholin     (glandulae     vestibularis 

majores).  303 
of  bladder,  234 
of    Brunner    (glandulae    duodenales),    98, 

106,  107 
buccal,  5 
bulbo-urethral,  235,  265,  268.  303 

ducts  of.  26S 
cardiac,  331,  333 

carotid  (glomus  carotieum),  331,  332 
of  cervix  uteri,  290 
coccygeal  (glomus  coccygeum),  333 
of   Cowper    (glandulae    bulbo-urethrales), 

265,  268,  303 
ductless,  312 
of  ductus  deferens,  248 
duodenal,  9S.  106,   107 
of  Duvernev,  303 
epicolic,  131 
epiglottic,  170 
hepatic,  1  1 1 
ileo-colic,  130.  131 
of  intestine  (glandulae 
125 
of  colon,  I  -■'> 
of  laryngeal  pouch,  L68 
of  larynx,  170 


intestinales),   106. 


lingual,  10 
of  lips,  3.  5 
of  Littiv.  266 
mammary,  303. 


.s'i  <  mammary  gland 
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mu  lii.il  nil..    .   r.n. 

306 
■  liii.  In 
.  1. 1 
312,  323 
I  ad  1. 1      |.  irotis),      17. 

parotid  gland. 

.   I  8 
of  | 

:.    I'"''.    107 

pharj  n\. 
pro  268 

ndula      divales),  1,  17 
Qumbei  "f.  17 
310 

■in..  106   107 
ft  palate,  16 

lull     lymph  it  ioi     solitarii), 
106,  107 

m  i.  Ii.  95,  '.Hi 
sublingual,      17,     24.      8a      sublingual 

tnds 
submandibular,    17.   22.     Sa    submandi- 
bular gland. 

306,  310,  ::i  I 
superficial  inguinal,  256,  291,  303 
supra  i.  ii  il.     312,    327.     See    supr; 

.ml 
thymus,  312,  324.     8a  thymus  eland 
thyroid,   10,312,818.     Sec  thyroid  gland 
of  tongue,  7.  In 
i.f  tonsil  -V! 
"f  '  !  T t ; 

tubular,  "f  Btomach,  95,  96 
<.f  ureter,  221 
..f  urethra,  266 
uterine,  290 
of   uterus    masoulinus   (utriculus  prosta- 

■  ■f  vallate  papillae,  9,  10 

of  vulva  (gUndulae  vi   tibularis  minores). 

300 

I" 

■  f,  L32 

lidj  mis,  -li' 
minor  of  epididymis,  2  12 
.  Jl  I 
331,  332 
■  tin  . 
folds,  7.  156,  L59 

164,  167 

•   larynx,  155 

■    '1  vox.  157 
276    -'77 
•  volopmenl    of    glandular 

L'71 

fibres  of  bladder, 


iroflon  cardiac  orifioe  of  stomach,  87 

<'»'■"  layer  of  pleura  of    18a 

Gullet,  57 

Cuius  (gin 

11  u:i.\i  i.\  oaaoi,  129 
Bailer  on  ii.  i  i    •  ..I  thymus,  327 
on  su  i.  Dtaculum  lienis,  I  16 
on  vas  aberrans,  248 
Eammar  on  sinus  tonsillaris,  53 

on  thymus,  325 
Bard  palate  (palatum  durum),  14.  15 
II  'it  (Berry) on  development  of  lower  third  of 
vagina,  294 
on  pudenda]  cleft,  302 
FTassall,  concentric  corpuscles  of,  32<i 
Basse  on  varieties  of  ovary,  273 
Head  of  pancreas,  97,  LOO,  145.  146 
Heller  and  Sohrotter  on  carina  tracheae,  171 
Helm  (F.)  on  height  of  kidney,  204 
Henke    on    arrangement    of   coils    of   jejuno- 

ileum,  102 
Eenle  on  action  of  arytenoideus  muscle,  164 

on  capacity  of  bladder,  221 
Hepatic  artery,  132,  140,  144 
canals,  132 

duct,  132,  140,  144.  145 
flexure,  114,  115,  124.  136,  336,  354, 

355 
lobules  (lobuli  hepatis).  132,  140,  141 
veins,  132,  141 
Hepato-cystic  ducts,  145 
llejiuto-renal  ligament,  336 
Herpinon  eruption  of  teeth  before  birth,  44, 
Heterodont  dentition,  24 
Hett  and  Butterfield  on  atrophy  of  tonsils. 

52,  53  " 

Hiluru  of  kidney,  209.  212 
of  lung,  "186.   107 
of  ovary,  272,  274,  278,  280,  283 
of  spleen,  314 
of  suprarenal  -land,  327 
His  on  conns  elasticus  of  crico-thyroid  mem- 
brane, 158 
on  development  of  recessus  pyriformis,  54 
on  foramen  bursa  omenti  majoris,  350 
on  foramen  caecum  of  tongue,  10 
on  position  of  ovary,  272,  273 
Bochstetter  on  varieties  of  ureter,  221 
Eomodont  dentition,  24 
Horseshoe  kidney,  2]  1 
Eour-glass  contraction  of  stomach,  92,  97 

shape  of  lesser  sac,  .">45.  350 
Eunter  on  seminal  vesicles  of  elephant,  251 
Buschke  on  lobuli  epididymides.  24  I 
Bydatidof  Morgagni (appendix testis), 242, 282 
Bymen,  293,  297 

onculae  myrtiformes  of,  297 
limlni.it  us,  297 
Byo-epiglottic  ligament,  156 
Byparterial  branches  of  bronchus,  174.  193 
Bypochondriac  region,  75.  76,  80 
Bypogastric  zone,  75.  76,  80 

[lba]  d  kin]  i,  355 

Qeo-caecal  fold  (inferior  ileo-csecal  of  Treves). 

114 
a,  114 
Deo-colic  fold  (superior  ileo-caxjal  of  Treves), 

113 
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Ileo-colic  fossa,  114 

orifice,  111,  112,  113,  127 
valve,  124,  127 
Ileum,  97,  101,  102,  103,  343,  356,  357 
blood-vessels  of,  107 
diameter  of,  102 
diverticulum  of  (Meckel's),  103 
Hiac  portion  of  ascending  colon,  360 

region,  75,  76 
Hio-lumbar  region,  338,  341 
left,  338,  343 
right,  338,  343 
Imperforate  anus,  131 

hymen,  297 
Impressio  cardiaca,  135 
colica,  136 
duodenalis,  130 
cesophagea,  134 
renalis,  136 
suprarenalis,  135 
Incisive  pad,  15 

Incisor  teeth,  24,  25,  27,  28,  36,  40 
Incisura  angularis,  89,  91,  94 
cardiaca  of  lung,  191 

of  stomach,  91,  94 
Index,  dental,  26 
Infundibula,  pulmonary,  196,  197 
Infundibuliform,  or  internal  spermatic  fascia, 

235,  238,  239 
Infundibulum  of  uterine  tube,  281 
Inguinal  canal  (canalis  inguinalis),  235 
fossa?,  334 

lateral,  334 
median,  334 
supravesical,  334 
ligament,  334,  344 
mamma;,  311 
Intercrural  fascia,  238,  239 
Interlobular  plexus  of  hepatic  artery,  140 

of  portal  veins,  141 
Inter -pleural  ligament,  184 
Inter-sigmoid  fossa,  361 

Intertubercular  plane  of  Cunningham,  75,  78 
Intestine,  large  (intestinum  crassum),  1,  110 
appendices  epiploic®    of,   123- 

124 
blood-vessels  of,  129-130 
caecum,  110,  111 
colon   110,  114 
divisions  of,  110 
glands  of,  131 

haustra  of  (haustra  coli),  125 
length  of,  110 
lymphatics  of,  130 
mucous  membrane  of,  125 
muscular  coat  of,  124 
nerves  of,  131 
plica?  semilunaris  of,  125 
position   and    relations  of   the 

different  parts  of,  111 
rectum,  110,  120 
serous  coat  of,  123 
structure  of,  1  2.'! 
ta?nia?  of,  124-125.  359,  360 
vermiform  appendix,  110,  113 
small  (intestinum  tenue),  1,  97,  343 
blood-vessels  "f.  107-108 
divisions  of,  97 
duodenum,  97 
glands  of,  106-107 
ileum,  97,  101-102 


Intestine  small — 

jejunum,  97,  101-102 
length  of,  '.)7 
lymphal  ics  of,  108 
Meckel's  diverticulum  of,  103 
mesentery  of,  101,  335,  337,  343 

mucous   li  I'  -ti  l )  >|  -:i  in  ■.  ol.    Ill) 

muscular  coat  of,  1  ( »ll 
nerves  of,  109 
plica?  circulares  of,  105 
position   and   relations   of    the 

several  parts  of,  97 
serous  coat  of,  103 
structure  of,  103 
submucous  coat  of,  104 
variations  according  to  age  and 

sex,  103 

villi  of,  106 

Intralobular  plexuses  of  hepatic  veins,  141 

veins,  141 
Intramural  part  of  ureter,  219 

portion  of  male  urethra,  262 
Intrinsic  tongue-muscles,  11 
Isthmus  faucium,  1,  51 

of  thyroid  cartilage,  153,  154 

gland,  318 
of  uterine  tube,  281 


James  and  Pitts  on  eruption  of  teeth,  45 
Jamieson    and    Dobson    on     lymphatics    of 

vermiform  appendix,  130,  131 
Jaws,  changes  in,  during  dentition,  41,  42,  43 
Jejunum  and  ileum,  97, 101,  102,  274,  334,  343 
arrangement  of  coils  of,  102-103 
blood-vessels  of,  107 
Jones  (Wood)  on  development  of   fundus  of 

stomach,  89 
Jonnesco  on  varieties  of  peritoneal  fossa?,  361 
Joueour  on  parotid  duct,  22 


Kallius  on  development  of  mammary  gland, 
310 
on  morphology  of  cartilages  of  larynx,  157 
Kanthack  on  action  of    posterior  crico -aryte- 
noid muscles,   161 
Kazzander      on     plica?     circulares     (valvula? 

conniventes),  105 
Keith    (A.)   on    development    of    fundus    of 

stomach,  89 
Kelly  and  Hurdon  on  lymphatics  of    vermi- 
form appendix,  130 
Kerkring,  valves  of  (valvula?  conniventes),  105 
Kermauner  on  parotid  duet,  22 
Kerr  (A.  T.)  on  varieties  of  ureter,  221 
Kerr  (R.  A.)  on  capacity  of  pelvis  and  calyces 

of  ureter,  217 
Kidneys  (renes),  204,  334,  336.  337 

adipose  capsule  of  (capsula  adiposa),  211, 

214,  215 
anterior  surface  of.  205,  207 
blood-vessels  of.  21.'! 
calyces  renales  tnajores,  216.  217 
minores,  2H> 

structure  of,  220 
capacity  of  pelvis  and  calyces  of.  217 
columns  of  Bertin  (columns  renales),  212, 

21.", 
corpuscles    of    (corpusculse    renis)    [Mal- 
pighii],  213 
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of,  212 

■■(.    21  1 

■-  213 
l„l„„,  of,  206,  209.  211,  212 
in  mammals,  212 

,1  border  of,  205,  209 
l\  mphatics  of,  2 1 6 

i  border  ■  209 

ibistanoe     of     (pyramidea 
.    212 
ii.  •  —  I  •*> 

t.  211,  216,  217 
gtructuri     '.  220 
i  of,  204 

of,  205,  206 

2 1 2 
i  _'  1 1 

211 
tubules  "f  (tubuli  renali  s),  21:; 
tun  •  "f.  21  I 

•    204,  2"".  216,  217 
blood- vi  221 

mil  i  ■  -l.it  ions  of.  2 1  8 
dimensions  "t.  21 7 
lymphal  '■  -  of,  221 
ii.  -21 

.    220 
varieties  of.  221 
itions  in  tin-  height  "f.  204 

in     position    of,   according 
209 
_'l  l 
nf  md  peh  i-  "f.  217 

•  palal  in.-  tonsil,  53 
hepal ic  flexure,  363 
kmk-.  ileal, 

Kohlrausch  on  plicae  transversales  recti,  126 
Kollikcr  "ti  position  and  relations  "t  ovary, 

u~  .mil  epididj  mis,  2 13 
■i  number  of  lobules  "t    seminifi 
tubules,  211 

ii\ gical  properties  of  lungs,  202 
.  illi    int.  106 

,201 
nd  Clendenning  on  weight  of  pancreas, 

_•  18,  299.  302,  303 

2  18,  299.  300,  301,  302,  303 

cterni  uteri,  285 

t'ii.  285 

108 

'  i  luerin,  267 

I  8 1 

:;7 
158,    154,   157, 
318 

•    ■    nroid     land, 

234 

.   1 ,  110. 


Laryngeal  aperture  (aditus  laryngis),  53,  54, 
165 
cartilages    (oartilagines    Laryngis), 
152,  153 
morphology  of,  157 
ossifical  i'  'ii  of,  157 
structure  "t.  1  -—» * » 
part   nf  pharynx,  53 

pouch  (appendix  ventriculi  laryn- 
gis), 165,  168 
Larynx,  152 

aperture  of,  53,  54,  1 64,  165 

in  deglutition,  1 6 1 
appendices  of  ventricles  of,  168 
articulations  of,  I  59 
aryepiglottic  folds  i  if,  1 66,   167 
blood-A  essels  of,  170 
cat  i  ilages  of,  153 

morphology  of.  157 

ossification  of,  I  57 
cavity  "I  (cavum  laryngis),  164 
.  '  mus  elasticus  of,  158 
dimensions  of,  1 52 
epiglottis,  155 

extrinsic  muscles  of,  152,  160 
glands  of.  170 
glottis,  167 

intrinsic  muscles  of,  160 
joints  of.    158 
ligaments  of.  1 58 
h  mphat  ics  i  't.  170 
mucous  -lands  of,    I  7(1 

membrane  of,  1 70 
muscles  of.  160 
ncr\  es  "I.    171 
peculiarities    of,    according  to    age    and 

sex,  156 
plica'  \  entriculares  of.   l(i" 

vocales  of.  152.  150,  167,  170 
position  and  relations  of.  152 
rima  glottidis,  164,  167 
ventricles  of  (ventriculi  laryngis),  168 
vestibule  of  (vestibulum  laryngis),  167 

il    Hi-.--   of    pharynx   (recessus   pharyn- 
US),     19 

Lauth  on  number  of  lobules  of  seminiferous 

tubules,  211 
Leopard,  subserous  layer  of  pleura  of,  185 
Levator  ani,  120.  27o,"  296 

cushion  of  pharynx,  5(1 
ulanduhe  thyroidea',  321 

Lewis  (F.  T.)  on  pyloric  part  of  stomach  in 
t  In-  embryo,  89 
on  subdi'N  isions  i  if  stomach,  87 
Lichtenberg  and  Volcker  on  form  of    bladder, 

221 
Lieberkuhn,  crypts  of.  106,  125 
Lien,  312 
Lienculi,  315 

Ligament    or  ligaments,  anterior,  of  thyroid 

gland,  319 
of  uterus,  288 
of  bladder,  221.  225 
broad,  of  uterus.  289.  336,  344 

.  .  rat  0-C1  ICI  'id.    1  59 

coronary.  139.  336.  33S.  330 
costo-colic,  116.  336 
crico-arytenoid,  159 
epiglottic,  159 

falciform.    133.    134.  138,    139,  334,  336, 
338,  340 
bro  pancreal  ic,  73,  351 
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Ligament  or  ligaments — 
gastrophrenic,  336,  351 
gastro -splenic,  73,  315,  317,  336,  352 
glosso-epiglottic,  159 
hepato -renal,  336 
hyo-epiglottic,  159 
hyo-thyroid,  158 
inguinal   (Poupart's),    68,   75,    111,    117. 

235,  334,  ::.;•"' 
inter -pleural,  184 
of  larynx,   158 

lateral,  of  thyroid  gland,  319 
lieno-renal.  315.  341,  352 
of  liver,   138,   336 
of  ovary,  275,  239 
of  penis,  255 
recto-vaginal,  288 
round,  of  liver,  138 

of  uterus,  288 
suspensory,  of  clitoris,  300 

of  diaphragm,  180 
thyro -arytenoid,  158 
thyro-epiglottic,  155,  159 
thyro-hvoid,  159 
triangular,  left,  139,  336,  338 

right,  139,  338,  340 
utero-sacral.  286 
of  uterus,  2SS 
vocal,  159,  167 
ventricular,  159 
Ligamentum-ligamenta,  fundiforme  penis,  255 
gastro-lienale,  73,  91 
hyo-thyroideum  laterale,  158 
medium,  158 
latum  uteri,  289 
ovarii  proprium,  289 
phrenicocolicum,  73,  116,  336,  341 
pulmonale,  180,  192 
suspensorium  ovarii,  274 

penis,  255,  256,  267 
teretes  uteri,  2SS 
umbilicale  laterale,  225,  226,  334 
vocale,  159,  167 
ventriculares.  159 
Line,  oblique,  of  thyroid  cartilage,  154 
Linea  alba,  63,  22s 

semilunaris  of  recti  muscles,  63 
Linese  transversa?  of  recti  muscles,  63 
Lingual  duct  (ductus  lingualis),  10 
glands,  10 

anterior,  10 
muscles,  extrinsic,  11 
intrinsic,  11 

inferior  longitudinal,  12 
superior  longitudinal,  11 
transverse  fibres,  12 
vertical,  12 
tonsils  (tonsilla  lingualis),  7,  55 
Lingula  of  left  lung,  191,  193 
Lion,  subserous  layer  of  pleura  of,  185 
Lips  (labia  oris),  3 

I  >lood- vessels  of,  5 
labium  inferius,  4 
superius,  3 
lymphatics  of,  6 
mucous  membrane  of,  5 
muscular  fibres  of,  5 
nerves  of,  6 
philtrum  of,  4 
sulcus  mento-labialis  of,  4 
naso-labial  of,  3 


Littre,  glands  of,  266 
Liver  (hepar),  1,  132 

anterior  surface  of,  133,   137,  138 

areolar  coat  of,  132 

bile-passages  of,  144 

blood-vessels  of,  140 

capsule  of  (Jlisson,  132 

common  bile-duct  of,  145 

coronary  ligament  of,  139,  336,  338,  339 

cystic  duct  of,  145 

dimensions  of,  143 

falciform  ligament  of,  138.  139,334,336, 
338,  340 

fissures  of,  133 

form  of,  132 

gall-bladder,   145 

hepatic  canals  of,  132 
duct  of,  144 

of  infant,  144 

inferior  (visceral)  surface,  of,  133 

left  triangular  ligament  of,  139,  336,  338 

ligaments  of,  138,  336,  338,  340,  341 

lobes  of,  133 

lobus  caudatus  [Spigelii],  134,  140,  345 

lymphatics  of,  141 

morphology  of,  139 

nerves  of,  143 

omentum  of,  139 

parietal  surfaces  of.   133 

posterior  surface  of,  134 

portal  canals  of,  132 

position  of,  136 

processus  caudatus,  135,  140 
papillaris,  135 

quadrate  lobe  of,  133,  136 

right  surface  of,  136.  137,  13S 

right  triangular  ligament  of,  139,  338,  340 

serous  coat  of,  132 

under  surface,  of,  135 

upper  surface  of,  135 

varieties  of,   144 
Lobe  or  lobus.  accessory  <>!   Lung,   191 

caudatus.  of  liver,  L33.  140 

hepatis  dexter,  133 
sinister,  133 

of  liver,  133 

of  lung,  187-189 

of  mammary  gland  (lobi  mammse),  307 

of  prostate  gland.  269 

pyramidal,  of  thyroid  gland,  318 

quadratus,  of  liver,  133.  L36 

Spigelian,  134.  1 40 

of  thymus  gland.  324,  326 
Lobular  bronchioles,  196 
Lobules,  of  fetal  kidney,  213 

hepatic  (lobuli  hepatis),   132.   140,   141 

of  mammary  gland  (lobuli  mammse),  308 

of  testis.  243.  244 

of  thymus,  325 
Lobus  impar,   191 

pyramidalis,  3 is.  320 

Lockwood  On  length  oi   jejuni 101 

Loven  on  lymphatics  of  stomach,  96 

Ludw  ig  on   renal  arteries.  215 

Ludwig    and    Zawarykin    on      lymphatics    of 

kidney.  2 Hi 
Lungs  (pulmones),   152,    I7S,  185 
air-capacity  of,  202 

alveoli  or  air  cells  of,    L96 
apex  of,    1 85,   186 

base  of.  185 
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■  lii!  nil,,  i  n  [9] 
dii                       202 

1  i  in,  \'i- 
1    tw     of,  187 
liiliiin  •  i.  I B6 

liaoa  of,  191 
In  I'M 

1 y l  200 

mediastinal  BUrfa  •   of,  1 85,  186 

— l » 1 
phj  sical  prop*  1 1  iea  i  >f.  202 
of,  186 
•  i.  178,  180,  192 

L92 
■  :.    192 
f,  192 
■.  185 

of,    I'M 
of,  -'"I 

8  of,  ]  63 
on  labia  mini u  ■■.  300 
on  n  Hi  ixion  of  pleurae,  181,  182,  183 

■  ■n  228 

berrans,  2 19 
oka  and   Benle  on  capacity  of  Madder, 
221 
Lymphat 

of  bladder,  23  t 
of  bronchi,  1 76 
of  cheeks  and  \i\ 

_'li; 
of  large  intesl  ine,  130 
•  if  larj  n\.  I  Tn 
of  livi  '.in 
of  lungs,  200 
of  mammary  gland,  309 

18,    '■  I 

.  278 
nf  palate,  l'i 

"I  i  161 

■if   1  li' I.    L'L' 

260 

i'li  ii  \  ii \.  56 

271 

anal,  13] 
turn,  J 1 1 
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:  I  8 

ind,  L'.'i 
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Lymphoid  follicles  "l  tonsil,  53 

of  trachea,  I7ii 
Dodules  "i  la  ;  ine,  L25 

of  lungs,  200 
of  small  intestine,  107 

M   <  "i:  i  vi  k  on  epiglottis  in  swallowing,  166 

Macula  flava,  163 

Mall  on  arrangement  of  coils  of  jejuno-ileum, 
103 
on  lil 1- vessels  of  liver,  141 

Malpighi,    corpuscles    of    (noduli    lymphatici 
lienalis),  317 
glomeruli  of  (corpuscular  rcnis),  213 
pyramids  oi  (pyramidee  renales),  212 

Mamma),  '■''**'■'< 

i'l  Lit  lr;r.    311 

Mammals,  caecum  of,  1 13 
kidney  of,  21i! 
laryngeal  aperture  of,  155 

iiiiin ber  of  dentitions  of,  l'i 
i  \  pica]  dentition  of,  -I 
Mammary  glands  (mamma"),  303 

■  i  m  pullae  or  sinus  lactiferi  of,  308 
areola  of,  305.  308 

sudoriferous  glands  of,  306 
blood-vessels  of,  309 
development  of,  31 U 
lactiferous  ducts  of,  308 
lobes  of  (lobi  mammae),  307 
lymphatics  of,  309 
of  male,  309 
morphology  of,  310 
nerves  of,  309 
papilla  or  nipple  of,  304 
in  pregnane}-,  305 
in  the  virgin,  305 
structure  of,  305-306 
shape  and  position  of,  304 
stroma  of,  306 
structure  of,  306 
supernumerary,  311 
varieties  of,  .'Slu 
Maresch  on  pyramids  of  kidne}-,  213 
Margo  lateralis  of  uterus,  285 
liber  of  ovary,  272 
mesovaricus  of  ovary,  272 
Marshall  on  variations  of  thyroid  gland,  321 
Marsupials,  mammary  gland  of,  310 

rudimentary  teeth  of,  46 
Meckel's  diverticulum,  103 
Mediastinal  pleura.  179,  184 
space,  176,  184 

surface  of  lung  (facies  mediasti- 
nalis),  185,   186 
Mediastinum  (septum  mediastinale),  176 
anterior,  I7<i.  177 
middle,  I7ii.  178 
posterior.  176,  178 
superior,   ITii,  177 
testis,  243,  244 
thoraeis.    I7li 
Medulla  of  thymus  follicles,  325,  326 
Medullar}  part  of  muscle-substance  of  tongue, 
14 
rays.  212 

substance  of    kidney    (pvramides 
renales).' 212 
of  suprarenal  gland,  329 
Megadonl  rai  es,  26 
Membrana  quadrangularis,  159 
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Membrane,  crico-thyroid,  158 
of  Nasmyth,  44 
thyro-hyoid,  159 
Membranous  portion  of  urethra,  262,  265 
Menstruation,  uterus  during,  290 
Mercier's  bar,  228,  229 
Mesenteric  border  of  small  intestine,  103 
Mesentery  (mesenterium  commune),  73,  101. 
102,  103,  334,  335,  337 
of  the  testicle,  73 

of  the  uterus,  uterine  tube,  and  ovary,  73 
Meso-appendix,  73,  113 
Meso-colon,  73 

descending,  117,  335 
iliac,  117 

pelvic,  118,  120,  341,  335,  344 
transverse,  100,  115,  124,  334,  337 
Mesodont  races,  26 
Meso-gastrium,  73,  337 
Meso-metrium,  73,  289 
Mesonephron,  211 
Mesorchium,  239 
Mesosalpinx,  73,  2S0,  289 
Mesovarium,  73,  289 
Microdont  races,  26 

Milk-glands  in  polymastic  mammals,  311 
of  Echidna,  310 
of  Ornithorhynchus,  310 
Milk-line,  310,  311 
Milk-teeth,  24,  25,  35,  37 

period  of  eruption  of,  44 
Miller    on  arrangement   of   bronchial    blood- 
vessels, 200 
on  division  of  bronchioles,  196 
Mills  (W.  M.)  on  supernumerary  kidney,  211 
Molar  glands,  5 

teeth,  24,  25,  27,  32,  36,  37,  39,  41,  43 
Mole,  development  of  mamma?  of,  311 
Mongolians,  dental  index  of,  26 
Mons  pubis,  288,  299 
Morgagni,  hydatid  of,  242,  282 
Morphology  of  cartilages  of  larynx,  157 

of  the  lobes,   fissures,  and   peri- 
toneal folds  of  liver,  139 
of  mammary  gland,  310 
of  thyroid  gland,  320 
Morsus  diaboli,  282 
Mouth  (cavum  oris),  1 

fauces  of  (isthmus  faucium),  1,  51 
floor  of,  3 

inner  portion  of  (cavum  oris  proprium),  2 
parts  of,  2 

transverse  aperture  of  (rima  oris),  1 
vestibule  of  (vestibulum  oris),  2 
Movable  kidney,  211 
Muco-cutaneous  membrane  of  lips,  5 
Mucous  follicles  of  pudendal  cleft,  303 
glands  of  lips  and  cheeks,  3 
of  pharynx.  55 
of  trachea,  175 
membrane  of  anal  canal,  129 
of  bladder,  233 
of  cheek,  5 

of  ductus  deferens,  247 
of  ductus  cjaculatorii,  252 
of  gums,  5 
of  hard  palate,  15 
of  hymen  femininus,  297 
of  large  intestine,  125,  131 
of  lips,  5 
of  larynx,  170 


Mucous  membrane — 

of  mouth,  2,  3 

of  oesophagus,  61 

of  pharynx,  54,  55 

of  pudendal  cleft,  302,  303 

of  rectum,  127,  129 

of  seminal  vesicles,  251 

of  small  intestine,  104 

of  soft  palate.  16 

of  stomach,  94 

of  tongue,  6,  10 

of  trachea,  175 

of  tubus  digestorius,  56 

of  ureter,  220 

of  urethra,  female,  297 

male,  260,  266 
of  urethral  wall,  298 
of  uterine  tube,  282 
of  uterus,  289,  290 
of  utricle,  265 
of  vagina,  295 
Miillerian  duct,  234,  235,  265,  271,  291,  294, 

296,  298 
Multicuspidate  teeth,  33 
Mummery  on  nerves  of  teeth,  36 
Muscle  or  muscles,  aryepiglottic,  160,  164 
arytenoid,  160,  164 
arytenoideus,  164 
cerato-cricoid,  161 
cremaster,  239 
crico-arytenoid,  lateral,  160,  162 

posterior,  160,  161 
crico-thyroid,  160,  161 
of  larynx,  160 

lingual,  11.     See  lingual  muscles 
recto -coccygeal,  125 
thyro -arytenoid,  160,  162 
Muscular  bands  or  taenia,  of  colon,  116,  124- 
125,  359,  360 
coat  of  anal  canal,  125,  129 
of  bladder,  231-233* 
of  large  intestine,  124 
of  oesophagus,  59-60 
of  rectum,  125,  129 
of  small  intestine,  103 
of  stomach,  92 
of  tubus  digestorius,  56 
of  uterus,  289-290 
fibres  of  bronchial  tubes,  196 
of  kidney,  211 
of  pleura  of  guinea-pig,  185 
of  urethra,  262,  265,  266 
of  urethral  canal,  260 
tissue  of  prostate,  270 
of  spleen,  310 
of  trachea,  174 
process  of  arytenoid  cartilage  (pro- 
cessus museularis),  155 
substance  of  tongue,  1 1 
tunic,  inner,  of  testis,  243 
Museularis  mucosa-,  of  oesophagus,  61 

of  small  intesl  hie,  105 
Musculi  pubo-vesicales,  233 
Musculus  suspensorius  duodeni,  101,  361,  362 

vocal  is.   Kil' 
Myometrium,  289 


Naboth,  ovules  of  (ovula  Nabothi),  290 
Nagel  I'n  Function  of  seminal  vesicles,  251 
Xarath  on  distribution  of  the  bronchi,  193.  194 
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klifi  pharyngis), 

us    phaj  \ 
i:  «i  omu<  Hi  19,  60 

.  1 1 

■  .    IT 
of  bladder,  - 

gall-bladder,  I  l"> 
-.  I  16,  147 

in-  tube,  28 1 

■  irvix  uteri  i,  219,  285.  286, 
289,  290,  291,  2 

•iial.   131 
1,1. i.l.  I.  r,  234 
bronchi,  176 
bronchial  tubes,  201 
cheek  and  lip-.  6 
colon,  I  ."■  I 
female  urethra,  298 
gall-bladder,  1  15 
kidney,  216 
larynx,  171 
liver,  I  13 
1 1 1 1  ■  _  -.  201 
mammary  gland,  309 

iphagus,  62 

ry,  280 
palate,  IT 
pancreas,  151 
pen    i  260 
pli.u  \  n\.  56 
pleura,  185 
prosl  ate,  27 1 

turn ,  131 

ads,  parotid,  22 
sublingual,  l' I 
submandibular,  23 

■■him.   2  I  I 

seminal  \  esicles,  251 
.11  intestine,  109 
Bpleen,  318 

■  i.  h.  96 

>l  glands,  .'i.'SI 

253 

iIiviuii-.  327 
thyroid, 

I  i 
toi 

176 
nr.  i.  r,  221 
uterine  tubi 

Ml' 

11  j       in.iiMiii.il  \ 

I,  311 

of  larynx, 

304,  305  306.  308 
311 

.  lnT 
,317 
107 
316 
I,   154 
umbilical  (in  abili- 

134 


N ii.  k.  canal  ..f.  240, 

.\\mpli.i-.  299 
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line  of  thyroid  cartilage,  154 


Oohsner    on     circular 
duodenum,  l<»:> 

1  I       i'li  t ■_■.  al  glands,  til 
impj 


layer     of     fibres 


in 


of    liver    (impressio 

oesophagea),  134 
of  lung,  180 
opening,  82.  134,  336 
(Esophagus,  1,57,81,  87,   88,    134,   186,330, 
337 
l.liii.ilx  essels  of,  61 
dimensions  of,  57 
direction  of,  58 
.li\ erticula  of,  62 
divisional  parts  of,  57 
glands  of,  61 
lympli.it  ics  of,  61 
nerves  of,  62 
relal  ions  ..f.  58 
si  i  ml  ure  of,  59 

variations  of,  according  to  age,  62 
varieties  of,  62 
Omenta.  73,  336 

Omental  bursa  (bursa  omentalis),  345 
n.  135,  139 
tuberosity  of  liver  (tuber  omentale), 
135 
of    pancreas     (tuber 
omentale),    147 
( iment  inn.  ban  of,  336 
of  fetus,  337 
gastro-bepatic,  3 15 
gastro-splenic,  73,  337,  352 
great,  73.  337,  345.  355 
lesser,  135,  136,  139,  145,  345 
small,  7:',.  337 
Oral  part  of  pharynx  (pars  oralis  pharyngis), 

IT.  51 
Organ  or  organs,  of  digestion,  1 
genital,  204.  234,  271 
of  female,  271 
of  male,  235 
of  Giraldes.     See  paradidymis,  249 
•  ■I  respiration,  1,  152 
of   Rosenmuller.     Sec  epoophoron,  280 
urinary,  204.  234 

nl    \  niee,    I  52 

<>r._'ana  genitalia.  234 

muliebria,  271 
virilia.  235 
uxopoel  ica,  204 
Orifice,  cardiac,  82,  87 

of  common   bile  and   pancreatic   ducts, 

106,  1  15,  149 
of  Eustachian  (auditory)  tube,  49,  55 

il< lie,  I  II.  I  12,  113,  127 

pyloric,  82,  88 

ureteri  .  oi  bladder,  228,  229 

urethral,  of  bladder,  22S.  229 

external  (orificium  ure- 
thra externum)  253, 
294,  297,  302 

Of    Uterine    tube.    2S I 

of  in.  in-     (orificium     externum     uteri), 
285 

(orificium  internum  uteri),  287 
of  vagina,  295,  302 
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Ornithorhynchus,  milk-gland3  of,  310 

thyroid  cartilage,  of,  157 
Ossification  of  laryngeal  cartilages,  157 
Ostium  abdominale,  73,  281 
Otis  on  plicae  trans versales  recti,  126 
Ovarian  fimbria,  274,  282 

fossa  (fossa  ovarica),  274 

ligament,  275,  289 

plexus  of  veins,  278 
Ovary,  271,  272,  280,  283,  289 

blood-vessels  of,  278 

corpora  albicantia  of,  270 

corpus  luteum  of,  270 

descent  of,  277 

Graafian  follicles  of  (folliculi  oophori),  272, 
276,  277 

ligaments    of    (ligamentum     ovarii    pro- 
prium),  289 
(ligamentum  suspensorium 
ovarii),,  274 

lymphatics  of,  278 

nerves  of,  280 

peculiarities  of,  according  to  age,  276 

position  of,  272 

relations  of,  273 

shape,  of,  272 

size  of,  272 

structure  of,  275 

varieties  of,  277 
Oviducts,  280 
Ovula  Nabothi,  290 
Ox,  spleen  of,  316 


Pacinian  corpuscles,  131,  310 
Pad,  incisive,  15 
Palatal  rugae,  15 
Palate  (palatum),  14 
blood-vessels  of,  16 
hard  (palatum  durum),  15 
mucous  membrane  of.  15 
papilla  palatina  of,  15 
ruga  of,  15 
lymphatics  of,  16 
nerves  of,  17 
raphe  of,  15,  16 
shape  of,  14 

soft  (palatum  molle  or  velum  palatinum), 
16,  47 
structure  of,  16 
Palatine    arches    (arcus    palato-glossus    and 
arcus    palato-pharyngeus),  51 
folds,  15 
Pallin   (G.)  on    variations  of  seminal  vesicles, 

251 
Pampiniform  plexus,  241,  252 
Pancreas,  1,  99,  146,  351 
accessory,  150 
anterior  border  of,  148,  337 

surface  of,  147 
blood-vessels  of,  151 
body  of,  146,  147 
development  of,  150 
ducts  of,  149 

head  of.  97.  100,  145,  146,  352 
inferior  surface  of,  148,  337 
lesser,  150 
lymphatics  of.  151 
neck  of,  HO,  147 
nerves  of,  151 
posterior  surface  of,  147,  148 


Pancreas,  peculiarities  of,  in  the  infant.  15] 

shape  of,  140 

size  of,  140 

structure  of,  151 

superior  border  of,  148 

tail  of,  146,  147,  148,  314 

varieties  of,  150 

weight  of,  140 
Pancreatic  duct  (ductus  pancreaticus).  98,  loo. 
145,  149,  150 

accessory  (ductus  accessorius),  106,   149- 
150 
Pancreatico-duodenal  vessels,  107,  140,  151 
Papilla  or  papillae,  of  cervix  uteri,  290 

conical,  8,  9,  10 

dental,  37,  38 

duodeni,  106 

filiform,  9,  10 

foliata,  of  rabbit,  10 

foliate,  8,  10 

fungiform,  8,  9 

of  glans  penis,  255 

of  kidney  (papillae  renales),  212,  213,  216 

of  labial  mucous  membrane,  4 

mammae,  304 

structure  of,  305 

of  nipple,  306 

palatina,  15 

of  tongue,  8-10 

secondary,  8,  9 

of  vaginal  mucous  membrane,  295 

vallate,  8 
Paradidymis  (organ  of  Giraldes),  249 
Para-colic  fossa;,  354 

formation  of,  357 
Para-duodenal  fossa,  361,  362 
Paraganglia  or  chromaphil  bodies,  312,  331 
Parathyroid  glands  (glanduloe  parathvroideae), 
312,  323 

arterial  supply  of,  324 

colour  of,  323 

form  of,  323 

number  of,  323 

position  of,  323 

size  of,  323 

structure  of,  323 

weight  of,  323 
Para- urethral  ducts,  298 
Parenchyma-cells  of  thyroid,  32 1 
Parietal  portion  of  ureter,  in  the  female,  2 lit 

in  the  male,  219 
Paroophoron,  280 
Parotid  gland  (glandula  parotis),  17 

accessory  (glandula    parotis    accessoria), 
18,  22 

blood-vessels  of,  22 

capsule  of,  21 

dimensions  of,  17 

duct  of  (Stensen's),  21-22 

lymphatics  of,  22 

nerves  of,  22 

surfaces  of,   17 

anteromedian,    lit 
poster o -median,  IS 
subcutaneous  or  lateral.  17 
Parovarium  (organ  of  Rosenmiiller),  280 
Pais  or  part,  abdominal,  of  oesophagus,  57 

analis  recti.   I  l'l' 

cardiaca  of  stomach,  89 

cervical  of  oesophagus,  57,  58 

diaphragmatic  of  oesophagus,  57 
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ttidis, 

■   bulb  of  \. -til. \il. .  300,  301, 

I  til. 
167 

.1  of  pharj  n\.    IT,  53 
. .   IT 

■  of  phar}  nv.  I".  51 

.  B9 
:  kidney,  212 
thoi 

inferior  longi- 
tudinal muscle  «.f  tongue,  12 

ini.    Ill' 

on  I..  315 

be,  282 
tiniform  Boptum  nf  penis,  256 
Litoris,  :;"" 
:;  1 1 
I,.  110,  118.  12".  125,  274,  335,344, 

ii.  I  18,  120.  :::;•"..  341,344 

b  lomino-peh  ic     cavity 
i  \  inn  peh  i  ),  <''■'< 
,,f  ureter,  218,  219 
i.f  mall'  urethra,  262 
216,  217 

J 17 
<.f.  "J 1 7 
rtionofmaleurethri  ,253,269,260,262 
I'.,  j  268 

■I.,  preputial  Bpace  of,  253 

..f.  2:.7.  2:>s.  259,  260 
bulbua  urel  bra  nf.  259,  266 

.ill.i  nf.  259 
collum  gland 

■  .  .    ■  i  ■  i     of,  253 

'.  256 
are  ..f.  256 

im  glandis  of,  260 

i.  2 •".::.  259, 

260 
m  i  in.    ..f.  260 
of,  256.  257,  2 
dm  .  -53.  255,  256 

frenulum  praeput  ii  of,  253 
258    2    ■.  259 
.in  fundiforme  of, 

i  nun  of,  255,  256 
260 

bull  of,  256 
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f.  lit. .ii.  urn.  73,  334 

abnormal  arrangement  of,  363 
applied  anatomy  of, 
ili  \ elopmi  lit  of,  7.'! 

ilui.il.  n.tl   fns.-a-  i  if.    KM).   361,   362 

duodeno  jejunal  fossa  <>f,  361,  362 
folds  i  if.  73.  334 
fossae  of,   114,  334,  360 
foramen    bursa    omenti  majoris  of,  346, 
350 
i  piploicum  of  j  Winslowi],  336, 
340,  345 
li  i  it   ..unlit  mil  i  if,  7.'!.  337 

c  of  (cavum  peritonaai),  338 
ilio-lumbar  region  of,  338,  341 
|n-l\  ii-  i.'L'i.ni  ..I.  33s,  344 
siilnli\  isinns  of.  338 
sub-phrenic  region  of,  338 
ileal  folds  and  kinks  of,  355 
in  tin-  Li  ii-.  337,  343 
inguinal  fossa-  nf.  .'!.'!  I 
lesser  sac  of  (bursa  omentalis),  336,  345 
bursa  omenti  majoris  of,  346,  352 
gastric  recess  of,  352 
inferior  chamber  of,  345 
superior  chamber  of  (bursa  omenti 
minoris),  3  15 

middle  recess  of,  346,  347 
superior  recess  of,  134,  346 
.  estibule  of,  346 
ligaments  of,  73.  336 
median  para-colic  fossre  of,  3.54 

formation  of,  357 
mesenteries  of,  73,  101,  334,  337 
omenta  of,  73,  336 

in.  i\  ement  s  of,  367 
paraduodenal  fossa  of,  361,  362 
para-rectal  pouch  of,  121 
parietal,  73,  111 
parieto-colic  folds  of,  354 
pouch   of   Douglas   of   (excavatio   recto- 

uterina).   122,  288,  29  1.   311 
processus  vaginalis  of,  239,  289 
recto-genital  poin-h  of,  226 
recto-vesical  pouch  of,  121.  2.">0.  335,  345 
relation   of,    to    bladder,    225,   226,    227. 
288,  335,  344 
to  caecum  and  vermiform  appendix, 

111.  113,  334,  343 
In  i-nlnn.  lir>,  11(1.  117.  334,335,336, 

337,  343,  344 
to  duodenum,  99,  100,  334,  336.  338, 

341,  343 
to  gal]  bladder,  145,  336 
to  jejunum  and  ileum,  101,  102,  334 
f.i  ki.ln.-v.  2()7.  2HS.  331.  336,  337,  338 
to  Liver,  L35,  L39,  336,  337,  338,  340, 

341 
tn  oesophagus,  59,  336 
to  pancreas,  I  is.  337,  338,  341,  343 
to  rectum,   L21,  122.  335,  344 
to  spleen,  315,  338,  341 
to  stomach,  73,  89,  90,  336,  337,  338, 

341 
to  suprarenal  glands,  327,  338 
to  u  •!..  288,  335,  336,  344 

to  288,  294 

■  1 1 it ;il  fold  of,  226 
oi    367 
ill  omentum,  73.  135,  139,  337 
utero  rectal  pouch  of,  288,  344 
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Peritoneum,  utero-vesical  pouch  of,  330,  344 

visceral,  73 
Permanent  teeth.  24.  25,  28,  40.  42.  44 
Petiolus  epiglottidis,  159 
Peyer's  glands,  107 
patch,  107 
Pharyngeal  aponeurosis,  54 
diverticula,  50 
tonsil,  50 
Pharynx,  47,  152 

arcus  pharyngo-palatinus  of,  50 

blood-vessels  of,  55 

bursa  of  (Luschka's  pouch),  51 

ehoanae  of  (posterior  nares),  47 

dimensions  of,  47 

extent  of,  47 

fascia,  bucco-pharyngeal,  of,  54 

fossa,  supra-tonsillaris  of,  52,  53 

laryngeal    part    of    (pars   laryngea    pha- 

ryngis),  47,  53 
lateral    recess    of    (recessus    pharyngeals) 

[Rosenmuelleri],  49 
lymphatics  of,  55 
lymphoid  tissue  of,  53,  55 
mucous  membrane  of,  54,  55 
nasal   part   of   (pars   nasalis   pharyngis), 

47,  55 
nerves  of,  50 
openings  into,  47 
oral  part  of   (pars  oralis  pharyngis),  47, 

51 
orifice  of  tuba  auditiva  of,  f'.i 

cushion  of,  49 
parts  of,  47 

peculiarities  of,  according  to  age,  50 
plica  salpingo -pharyngea  of,  50 
supra-tonsillaris  of,  52 
triangularis  of,  52 
recessus  pyriformis  of,  53 
sinus  tonsillaris  of,  52 

development  of,  53 
structure  of,  54 

tonsils  of,  lingual  (tonsilla  lingualis).  7.  t~> 
palatine  (tonsillae  palatini),  51.  55 
capsule  of,  52 
blood-vessels  of,  53 
development  of,  53 
lymphatics  of,  53 
nerves  of,  53 
pharyngeal  (tonsilla  pharyngea).  50. 
55 
tubae  auditiva?  of  (Eustachian  tubes),  47 
varieties  of,  50 
vault  of,  50 
Philtrum,  4 

Phrenico-colic  ligament,  110,  330,  338,  341 
Pig,  spleen  of,  310 
Piquard   on  absence  of  vermiform  appendix, 

113 
Pleura?,  152,  170,  178 
blood-vessels  of,  185 
cervical  (pleura  cerviealis).  179,  184 
costal  (pleura  costalis),  179,  180,  185 
diaphragmatic    (pleura   diaphragmatica), 

179,  185 
laminae  mediastinalis  of,  184 
ligamentum  pulmonale  of,  180,  1 92 
lymphatics  of,  185 
mediastinal,  184 
nerves  of,  185 
parietal  portion  of.  179.  I  so,  185 
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Pleurae,    pericardial   portion  of    (pleura  pcri- 
cardiaca),  184 
pulmonalis,  178,  185 
relations  of,    L80 
sinus  costo-mediastinalis,  185 
phrenico-costalis,  L85 
pleurae,  185 
structure  of,  185 
visceral  portion  of.  ITS.  180,  is", 
Plexus,  hypogastric,  131,  253,  296 
inferior,  292 
mesenteric,  109,  110,  131 
myentcricus,  97,  104 
pampiniform  (venous),  241.  252 
pulmonary,  201 
submucosus,  97,  104 
sub-ovaricus  (lymphatic),  278 
spermatic  (venous),  241 
Plica  or  plicae,  aryepiglottiea,  155,  107 
circulares,  105.  106,  107 
duodeno-jejunalis,  101.   361 
epigastrica,  334 
fimbriata,  6 

glosso-epiglottic,  150,  159 
longitudinalis  duodeni.  loo 
palmat.-e,  2S7 
salpingo -pharyngea,  51  * 
semilunares  coli,  125 
supra-tonsillaris,  52 
transversales  recti,  120 
triangularis,  52 
umbilicalis  lateralis.  334 

media,  334 
ureterica,  228 
ventriculares,  159.  167 
vocales,  152,  159,  107,  170 
Poirier  on  lymphatics  of  ovary,  278 
Polymastic  mammals,  311 
Polyphyodont  dentition.  40 
Pomum  Adami,  153,  150 
Porta  hepatis,  132,  133,  135,  139.  330,  337 
Portal  canals,  132 

fissure  (porta  hepatis),  133,  135 
vein,  140,  141 
Porter  on  level  of  great  curvature  of  stomach, 
85 
on  level  of  pylorus,  88 
Portio  ary-voealis,  103 

supra-vaginal  is,  285 
vaginalis,  2S5 
Posterior  nares,  47 
Post-nasal  space,  47 

Pouch,  of  Douglas  (excavatio  recto-uterina'), 
122,  288,^294.  344 
ileo-caecal,  115 
of  Luschka,  51 
para-rectal,  121 
recto-genital,  220 
recto-uterine,  275,  336 
recto-vesical,  121,  250,  335,  345 
retro-csecal,  1 1 1 
utero-rectal,  288,  34  I 
utero-vesical.  331),  .'!  I  I 
Pouches,  laryngea]  (appendices  of  ventricles), 
ins 

prut sal,  LOO,  114,  360 

Precordial  dullness,  area  of,  1 9 1 
Pregnancy,  uterus  during,  —'-><> 
Prehistoric  man.  teeth  of,  35 
Premolar  teeth,  24,  26,  27.  32.  35,  30,  37,  40, 
45 
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papillaris,  135 

ii  ih>  pei  itonaei,  239,  < 

■  j  tenoid  oartilage,  1 55 

I  ■:; 
I  268 
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of,  271 

•  f.  270 
daol 

270 
I  it-  if,  269 

lyi  of,  271 

middle  l"i»-  of,  21 

In  !\  08    i'f.    -71 

of,  according  to  age,  271 

■-.  of,  271 
of,  270 
■  i  weighl  of,  270 
■  ■f.  270 

•  ion  nf  urethra,  262,  263 
Bit 

utricle,  265.  270 
j  l  l 
Pudendal  deft,  271,  301,  302 

mammae,  31  I 
Pudendum,  2 
Pnlmon  irj  bl  -.  197  198 

pleura  (pleura  pnln alis),  178, 185 

plexus,  201 
Pulp,  splenic,  316.  317,  318 
i  ■  i '  i.  'ih  (oavum  dentis),  28,  35, 

•  of  gall-bladder,  1  l"> 
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■  f  in. num. i   of,  310 
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10 
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I  kidney,  212 


152 
lateral,  of  pharynx,   19 

i;. .  ■     ii-  in.'.iiiis,  :>iti,  347.  351 

pli.'ii  \  ageus  |  Rosenmuelleri  |,  19 
inn  umo -enteric  us  dexter,  59 
|i\  riformi8,  53 

Ri    ' .\  goal  Mm  jcles,  125 

i  mill    folds,  227 
pouch,  220 
uterine  fold   (excavatio  recto-uterina), 

ins.  -ill,  336 

Reoto  \ aginal  ligament,  288 
i :  .  i ii  \ esical  pouch,  L21,  335,  •'! 15 
Rectum,  110,  120 
ampulla  of,  121 

anal  canal.  1l'_' 

ant  ri  inr  re.lat  inns  of,  123 
Icii.trtli  ..I.   123 
inusi'lc.s  of,  12!) 
structure  of,  129 

Ml. ml    \  ,  --.Is  of,   130 

length  of,  L20 

I  ymplial  LCS  of,    I  ■'!  I 
mucous  membrane  of,  127 
nerves  of,  131 
plicae  t  rans\  ersales  of,  1 26 
relations  of,  1  2 1 
\  ariations  in,  131 
Regions  of  abdomen,  74-75,  70,  77,  80 
l!i  ill  on  weigh!  of  liver.  143 
Umiak  mi  in  i  \ es  of  the  lung,  201 
Renal    corpuscles    (corpusculse    renis)    [Mai- 
pighii],  213 
in  face  of  spleen,  314 
tubules  (tubuli  renales),  213 
Reserve  cells  of  thyroid  gland,  321 
Respiratory  bronchioles,  196 

system  (apparatus  respiratorius), 
152 
Rete  testis  244 

Retinacula  of  ileo-colic  valve,  127 
Retro-caeca!  fossae,  114 
Retro-colic  fossae,  114 
Retro-duodenal  fossa.  361,  362 
Retzius  on  palatal  ruga\   15 

Rex  on  hi l-supply  for  liver.  140 

Ribbei  t  on  lumen  of  vermiform  appendix.  113 
nitidis,  160,  162,  164,  167.  168,  169 
oris,  1 

pudenda,  299,  302 
lii\  inn-,  ducts  of,  24 
Rodentia.  testes  of,  240 
II. .11. --tun  "ii  suprarenal  -land.  32S.  33d 

Rolssen  on  average  length  of  small  intestine,103 
Root  of  lung,  17s.  186,  192 

of  teeth.  26.  27,  30,  31,  32,  33 
of  tongue,  6 
Ro  i   "ii  second  upper  molar,  33 
Rosenmuller,  recess  of  (reoessus  pharyngeus), 
19,  50 
organ  of  (epoophoron),  280 
Round  ligament  of  uterus  (liuamcnta  terctes 

uteri),  288 
Rugae  of  bladder.  228 

of  hard  palate  (palatal  rugae),  15 

is,  61 
..f  s.ii.i  um.  23S 
of  Btomach,  94 
of  ni.  mis  287 
of  vagina,  295 
Rugeou  processus pyramidalis  in  Primates,  140 
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Sac,  dental.  37 

Sacculated  bladder,  233 

Sacculi  of  large  intestine,  125,  12*1 

of  rectum,  127 
Sacculus,  vesical,  233 
Sacro-genital  fold,  22G,  345 
Saliva,  17 

Salivary  glands  (glandulse  sali vales),  1,  17 
parotid  (glandula  parotis),  17 
sublingual  (glandula  sublingualis),  24 
submandibular     (glandula     submandibu- 
laris),  22 
Salpingopalatine    fold    (plica    salpingo-pha- 

ryngea),  50 
Sandstrom  on  parathyroid  glands,  324 
Santorini,  cartilages  of,  155 
duct  of,  149 

on  thyro-arytenoid  muscles,  164 
Sappey  on  dimensions  of  larynx,  1 52 

on  thymus  gland,  324 
Schaffer  on  ducts  of  Brunner's  glands,  107 

on  variations  of  oesophagus,  02 
Schulte  on  sublingual  gland,  24 
Schultze   (0.)    on  development  of   mammary 

gland  of  various  mammals.  310 
Schwalbe  (G.)  on  abdominal  part  of  ureter, 

218 
Scrotum,  235 

blood-vessels  of,  240 
dartos  tunic  of,  239 
lymphatics  of,  241 
nerves  of,  241 
raphe  of,  238 
septum  of,  239 
skin  of,  238 
Seal,  subserous  layer  of  pleura  of,  185 
Seminal  ducts,  common  (ductus  ejaculatorii), 
24t>,  252    205,  209 
vesicles    (vesiculse   seminales).    249. 
250.  251 
Seminiferous  tubules  (tubuli  seminiferi),  243- 

244 
Septum  pectiniforme  of  clitoris,  300 
of  penis,  250 
scroti,  239 
of  tongue,  14 
Sernofi  on  length  of  small  intestine,  97 
Serous  coat  of  bladder,  231 

of  large  intestine,  123 
of  liver,  132 
of  small  intestine,  103 
of  spleen,  310 
of  stomach,  92 
of  uterus,  289 
Sheep,  innervation  of  trachea  of,  170 

spleen  of,  310 
Sick  on  reflexion  of  pleura,  182 
Sinus  .costo-mediastinalis,  185 
epididymis,  242 
of  kidney,  212,  213,  215,  217 
lactiferi,  308 
phrenico-costalis,  185 
pleurae,  185 
pocularis,  265 
prostatic,  205 
•  tonsillaris,  52,  53 
of  urethra,  206 
Sinuses,  glosso-epiglottic,  8 
Smegma  prseputii,  255 

Scemmerring  on   thyro-arytenoid  muscle,   164 
on  varieties  of  liver,  144 


Sofl   palate  (palatum  molle),  16.  -17 

Solitary   glands   (noduli   lymphatici   solitarii), 

106,  107 
Spermatic  cord  (funiculus  spermaticus),  235 

blood-vessels  of,  2  III 
coverings  of,  238 
Spermatic  fascia,  235,  239 
Spermatic  plexus,  241 
Spermatozoa,  234 
Sphincter  of  anus,  122,  123 

external,   129 
internal,   L29 
of  pylorus,  94 

urethras  Levis  of  Waldeyer,  262 
urethra?  striatus  of  Waldeyer,  266 
vesicas,  233 

externus,  of  Henle,  270 
internus  of  Henle,  262 
Sphincter-ring  of  pylorus,  94 
Spigelius,  lobe  of   (lobus  caudatus),  134,  140, 

'345 
Spitza  on  true  weight  of  human  lungs,  202 
Spleen  (lien),  312 
accessory,  315 
blood-vessels  of,  317 
borders  of,  315 
hilum  of,  314 
in  the  infant,  315 
lymph    nodules    of     (noduli    lymphatici 

lienalis),  317 
lymphatics  of,  318 
Malpighian  corpuscles  of,  317 
nerves  of,  318 
relation  of,  to  peritoneum.  315,  336,  339, 

341 
situation  of,  312 
structure  of,  310 
surfaces  of,  314 
variations  in,  315 
weight  of,  312 
Splenculi,  315 

Splenic  flexure,  115, 116, 117,  124,  336,  341,  354 
Spongy  portion  of  urethra  (corpus  spongiosum), 

253 
Stahel  on  calibre  of  trachea,  172 
Stensen,  canals  of,  15 

duct  of,  21 
Stirling  on  nerves  of  lung,  201 
Stomach   (ventriculus),    1,    73,   81,    330,    337, 
345 
anterior  surface  of,  89 
blood-vessels  of,  95 
borders  of,  90 
cardia,  87 
cardiac  orifice  of,  82,  86 

portion  of,  89 
curvatures  of,  82,  90,  91 
dimensions  of,  84,  92 
examination  of,  82 
form  of,  81 
fundus  of,  81,  82 
incisura   angularis  of,  91 

cardiacs  of,  91 
lymphatics  of,  90 
mucous  membrane  of,  91 
muscular  coal  of,  92 

nerves  of,  96 
openings  of,  82 
peristalsis  of,  so 
posit  ion  of,  81,  85 

posterior  surface  of,   89 
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•  ibulea  of  kidnej  ,212 
n  ..ii  varieties  of  thyroid  gland,  320, 

ma  "f  mammary  gland,  306,  301 

tr  \ .  L'Tti 

on  imperfectly  developed  ileo 

I  M.i  lormaok  on  aperture  oi  larj  ax, 
166 
..ii  position  of  epiglottis  in  Bwallow  tng,  164 
md  (glandula sublingualis),  17.24 
bio  }  of,  24 

iblinguales  minores  of  (ducts  of 
Ki\  inns),  24 
ductus    sublingualis    major   of   (duel    of 

a),  24 
lymphatics  of,  2 1 

M.r\  I         I,  24 
111    "f.    LM 

Sublobular  hepatic  reins,  I  1 1 
Submandibulai  gl  tnd  (glandula  aubmaxillaris), 

17.  22 

lil.ii..l-\  « — « - 1  —  of,    23 

dimensions  of,  22 
duel  "i 
lymphat 

nen  i     of,  23 
-  of,  24 
Subm  it  of  bladder,  231,  233 

.  ii  I 
..f  l,ii ■_■>    inl est ine,  123,  I -~< 
of  small  intestine,  103,  104 
of  stomach,  92,  94 
■ 

glands,  liiii'..  .'ilO 
labial ,  2 
ilo  ungual,  i> 
[en 

lius,  92 
bbialis,  t 

lie  linguae,  7 

ndulte  Buprarenales),  62, 
127 

..f.    L' I  I 

ling  to  agi .  330 

ii    "f    liver    (impri 
tonsil! 


Suspensory  ligament  of  clitoris.  300 

of  ovary  (ligamentum 
suspensorium  ovarii). 
274,  2S0 
of  ]nnis  (ligamentum 
suspensorium  penis), 
2.-.:..  256,  267 
ligaments  of  diaphragm.   1  SO 

muscle   of   duodenum   (musculus 
suspensorius  duodeni),  101 
Sustentaculum  hepatis,  338,  341,  357 

Lienis,  116 
Suzanne  on  duct  of  Bartholin,  24 
Symington  (J.)  on  pharyngeal  tonsil.  51 
on  rare  abnormality  of  pancreas,   150 
on  sucking-pad  of  cheek,  5 
on  topographical  anatomy  of  pancreas,  147 
System,  digestive,  1 
respiratory,  152 
urogenital,  204 

T  i  ble  of  eruption  of  deciduate  teeth,  44 

ol  permanent  teeth,  45 
Tamia  coli.  116,  124-125,359*360 
I  iguchi  on  the  distance  between  the  thyroid 

and  cricoid  cartilages,  157 
on  plicae  vocales  and  plica1  ventriculares, 
167 
Tail  of  pancreas,  14ti,  1 17.  I  is. 
Taste-buds,  9 
Teeth  (denti  b),  1.  24 

alveolar  periosteum  of,  -7 


314 


alveoli  of.  2ii. 


42,  4:; 


blood-vessels  of,  36 

canine.  24,27.  31.  36,  39,  40 

calcification  of,  37 

cuspidate,  31 

crown  of,  or  body  of,  25.  2<>.  27.  2S,  31,  33 

deciduate.  24.  25,  35.  37.  39,  41 

period  of  eruption  of,  44 
dental  arches  of,  5,  25.  26,  42.  43 

sacs  of,  37 
dentin.-  of,  28,  37,  38,  39 
eruption  of,  43 
fangs  of,  20.  27.  32,  33,  35 
general  form  and  structure  of,  26 
incisors,  24,  25.  27.  28.  36,  40 
Lymphatics  of,  c ; » > 
molars  or  grinders,  24.  25.  27.  32,  36,  37, 

39,  41,   13 
mult  icuspidate,  33 
neck  of,  2i> 
n«-i  \  es  of,  36 

number  of  dentitions  of,  46 
of  prehistoric  man.  35 
permanent,  24,  25.  28.  40,  42 
period  of  eruption  of,  44 
post-natal  development  and  growth  of,  36 
pulp-cavity  of  (eavum  dentis),  28,  32,  35, 

36,38 
premolars  or  bicuspids,  24,  2t'>,  27.  32,  36, 

37,  40.  45 
relat ions  ol  developing  teeth.  41 
root  of,  26,  27.  30,  32,  :t3 

Special  characters  of.  28 

\  ariat  ions  in  the  number  of,  15 

wisdom,  25,  33.  34,  37.  45 

submucosa  intestini,  U»4 
of  stomach,  9 1 
of  t iiluis  digestorius,  5(> 
1 1  mporarj  teeth,  24,  35,39,  11.  12.  13,  44.  45 
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Testes  or  testicles,  234,  235,  241 

appendix  testis,  242 

blood-vessels  of,  252 

coverings  of,  238 

descent  of,  239 

dimensions  of,  241 

ductuli  efferentes  (vasa  efferentia),   242, 
244,  245 

ductus  deferens  of,  245 

epididymidis  of,  245 

epididymis  of,  242 

form  of,  241 

inner  muscular  tunic  of  [Kolliker],  243 

lobuli    epididymis   or   coni   vasculosi   of, 
244 

lymphatics  of,  253 

mediastinum  of  (corpus  Highmori),  243, 
244 

mesorchium,  239 

nerves  of,  253 

paradidymis  of,  249 

processus  vaginalis  peritonei  of,  239,  240 

rete  of,  244 

seminiferous  tubules  of,  243 

structure  of,  242 

tubuli  seminiferi  contorti  of,  244 
recti  of,  244 

tunica  albuginea  of,  242 

vaginalis  of,  238,  239,  240,  241 
vasculosa  of,  243 

variations  in,  242 

weight  of,  241 
Testut  on  weight  of  mammary  gland,  304 
Thompson  on  prostate,  269 
Thompson    and    Taylor    on  processus    pyra- 

midalis  of  liver,  140 
Thyro-arytenoid  ligaments,  158 

muscle,  160,  162 
Thyro -epiglottic  ligaments,  155,  159 
Thyro-glossal  duc£  10,  321 
Thyroid  cartilage,  153.   156 

in  the  infant,  154 

inferior  cornua  of,  154,  318 

isthmus  of,  154 

laminae  of,  153,  154,  157,  318 

linea  obliqua  of,  154 

morphology  of,  157 

ossification  of,  157 

prominentia  of,  153 

superior  cornua  of,  154 

tubercle  of,  inferior,  154 
superior,  154 
Thyroid  gland  (glandula   thvroidea),   10,  312, 
318 

accessory,  321,  323 

blood-vessels  of,  322 

colour  of,  320 

isthmus  of,  318,  321 

lateral  lobes  of,  318,  319 

ligaments  of,  319 

lymphatics  of,  322 

morphology  of,  321 

muscular  fasciculi  of,  321 

nerves  of,  323 

pyramidal    lobe   of   (lobus   pyramidalis), 
318,320,  321 

relations  of,  318 

size  of,  319 

structure  of,  321 

variations  in,  320 

weight  of,  320 


Thyroid  notch,   15  t 
Thymus  gland,  312,  324 
blood-vessels  of,  32(1 
development  of,  324 
follicles  of,  325 
growth,     involution,      and      weight      of. 

324 
lobes  of,  324.  325 
lymphatics  of,  326 
nerves  of,  327 
relations  of,  32  I 
situation  of.  324 
structure  of,  325 
Tip  of  tongue,  6 

Toldt  on  appendix  epididymis.  242 
on  ileo-colic  valve,  128 
on  variations  of  caecum,  112 
Tongue  (lingua),  6 

blood-vessels  of,  14 
dorsal  surface  of,  6 
ductus  lingualis  of,  10 
foramen  cscum  of,  7,  10 
frenulum  lingua?  of,  3,  6 
glands  of,  8,  10 
glosso-epiglottic  folds  of,  7 

fossae  or  sinuses  of.  s 
lymphatics  of,  14 
mucous  membrane  of,  6,  10 
muscles  of,  1 1—14 
nerves  of,  14 
papillae  of,  8-10 
plica  fimbriata  of,  6 
septum  of,  14 
sulcus  of,  alveolo-lingual,  0 

terminalis  linguae  [His].  7 
taste -buds  of,  9 
tonsilla  lingualis  of,  7,  55 
thyro-glossal  duct  of,  10 
Tonsils,  lingual  (tonsilla  lingualis),  7,  55 
palatine  (tonsilla?  palatinae),  51 
blood-vessels  of,  53 
capsule  of.  52 

fossa  supra-tonsillaris  of.  52.  53 
fossulae  tonsillares  of,  53 
lymphatics  of,  53 
nerves  of,  53 
plica  supra-tonsillaris  of,  52 

triangularis  of,  52 
sinus  tonsillaris  of,  52,  53 
pharyngeal  (tonsilla  pharyngea),  50 
Tonsillar  fossa,  53 
Tooth.     See  teeth 
Trabecular  of  corpora  cavernosa  penis.  257 

of  spleen,  310,  317,  31 S 
Trachea,  152.  172 

bifurcation  of,  172 
cartilages  of,  174 
lymphatics  of,  170 
mucous  glands  of,  175 

membrane  of,  1 75 
nerves  of,  176 
peculiarities   of,  according    to    age    and 

sex,  170 
posit  ion  of.   172 
relations  of.   172 
size  of.  172 
si  ructure  of,  171 

vessels  of.    170 

Transpyloric  plane,  88,  97.  14S 
Treves  on  ileo-caecal  fold.  113—114 
on  length  of  jejunum,  H>1 
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220 
•  ureter-sheath  "  of  Waldeyer,  221 
\  ariations  "f.  22 1 

:■    mii  of,  219 
Urethi  ..  204 

■  male  (urethra  muliebris),  297 
crista  urel  hralis  of,  297 
.1.  .  of,  298 

m  i  . ,     of,  l-"1^ 
orifieium  urethrse  externum  of,  297, 

3  12 
relations  of  wall  of,  298 
Skem   -    tubes    (ductus    p 
rati     .  298 

i:  ture  of  walls  of,  29  i 
vesical  orifice  of.  29T.  298 
vessels  of,  298 
of  male.  260 

anterior  prostate  gland  of,  268 
calibre  of,  267 

mous  portion  of,  266 

bulbous  poll  ion   of,  or  sinus  of, 

266 
fossa  na  ;.  ii  ulau  is  of,  266,  267 
curvature  of,  267 
division  of,  260,  262 
glands  ot  Littre  of,  266 
glandulae  bulbo-urethrales  of   (Cow- 

per's  glands),  265,  238 
internal  sphinctei  oi  (sphincter  vesicas 

internus  of  Eenle),  262,  266 
intramural  pori  ion  of,  262 
membranous  portion  of,  262.  235 
ibrane  of,  266 
lacunae  of,  266 
lacuna  magna  or  sinus  ol  <  luerin 

of,  267 
v  alve  of  fossa  n.i\  icularis  of,  26" 
orifice  of,  22s.  230.  253,  262,  266 
prostatic  portion  ol.  2ii2.  233.  29s 
colliculus  seminalis  of,  263 
prostal  Lc  sinus  of,  265 
utriculus  prostaticus  of,  265 
urinary  part  of,  260 
urogenital]  part  of,  261 
t  Lons  of,  26T 
!         ry  bladder   (vesica    urinaria).    204.221. 
283,  288,  294,  297,  .335,344' 

baa -  fundus  of,  22:! 

ill l-vi  233 

capacity  of,  221 

n.ok  of.  223.  234.  260,  269 
connexions  of,  22  1-225 
distended,  223.  225 
ectopia  \  esicae,  230 
empty,  221.  22;,,  2SS 
interior  of,  228 
lymphatics  of,  234 

■  i.  234 
peculiarities     in      shape     and     position, 

rding  to  age,  230 
peritoneum  of  (in  the  female),  22T 

(in  1  lie  male),  226 
plica  ui  228 

of,  229 
Bhape  of,  221,  222 
structure  of,  231 
surfaces  of,  222.  22.") 

ic»,  228,  229,  23.3.  262.  294 
■  Ql   of,  229 
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Uri°S"»*^,227-228,)?30 

294 

uvula  vesicae  of,  22!> 

variations    in    number    and    position    of 

ureteric  openings,  229 
vertex  of,  223 
Uriniferous  tubules,  212,  215,  -lo 
Urogenital  portion  of  urethra,  260,  261 
space,  271,  302 
system,  204 

Uterine  f-^%,    283,  285,    289,   336, 

344,  366 
ampulla  of,  281 
blood-vessels  of,  282 
fimbriae  of,  282 

fimbriated  extremity  of,  -  /4,  28- 
infundibulum  of,  281 
isthmus  of,  281 
length  of,  281 
lymphatics  of,  283 
mesosalpinx  of,  73,  289 
neck  of,  281 
nerves  of,  283 
ovarian  fimbria  of,  282 
peculiarities  of,  according  to  age, 

282 
structure  of,  282 
varieties  of,  282 
Utero-sacral  ligament,  286 
Utero-vesical  fold,  288 

pouch      [Douglasi]      (excavatio 
recto-uterina),  288,  294,  344 
Uterus,  271,  283,  336,  344 
anteflexion  of.  288 

anteversion  of,  288  , 

anterior  ligament   of.     See  utero-vesical 

fold),  288 
arbor  vitae  or  plicae  palmate  of,  287 
body  of  (corpus  uteri),  283 
blood-vessels  of,  291 
broad   ligaments   of   (ligamentum  latum 

uteri),  73,  289,  336,  344 
cavity  of,  286-287 
dimensions  of,  283 
fundus  of,  283  , 

ligamentum  ovarii  propnum,  J.W 
lymphatics  of,  291 

masculinus.     See  utaiMIB  -•>- 

neck  of  (cervix  uteri),  285,  28b,  288,  -91, 
nerves  of,  292  - 

orifices  of  (orificium  externum  uteri),  285 
(orificium  internum  uteri),  4*1 
after  parturition,  290 
peculiarities  of;  according  to  age,  291 
position  of,  287 
recto -vaginal  ligament  ol,  ^8S 
retro-flexion  of,  288 
retro-version  of,  288 
round    ligament    of    (ligamenta    teretes 

uteri),  288.  289 
shape  and  size  of,  283 
situation  of,  283 
structure  of,  289 
varieties  of,  291 
of  virgin,  283 
Utricle  (utriculus  prostaticus),  Zbl,  ^t>o 
Uvula  palatina,  16 
vesicae,  229 


Vagina,  271,  292,  2'.):. 
blood-vessels  of,  2!>-> 
carina  urethralis  of,  294 
columns  of  (columns  rugarurn),!_293,  <i»a 
fornix  of,  292 
hymen  of,  297 
length  of,  294 
lymphatics  of,  2!I6 
nerves  of,  296 

orifice  of,  295,  302 

relations  of,  2'.»4 

ruga  of,  295 

shape  of,  292 

sphincters  of.  295 

structure  of,  295 

varieties  of,  296 

vestibule   of   (vestibulum   vaginae),    -J-, 

302 
Vallate  papillae,  8 
vallum  of,  9 
Valve  or  valves,  anal,  129 
of  appendix,  127 
of  fossa  navicnlaris,  267 
of  Gerlach,  127 

ileo-colic  (valvula  coli),  111,  127-1* 
fraena  or  ret  macula  of,  1-7 
function  of,  12s 
of  Kerkring,  105 
Valvulse  conniventes.  105 
Valvnlar  folds  of  rectum,  126 
Vas  aberrans  (ductus  aberrans  inferior),  IA* 
adferens  of  glomerulus,  214 
eflerens  of  glomerulus,  214 
Vasa  efferentia   of  testis   (ductuli   efferentes 

testis),  244,  245 
Veins  of  bladder,  234 

bronchial,  176,  198-199 

of  corpora  cavernosa  penis,  257 

of  corpus  cavernosum  urethrae,  260 

of  gall-bladder,  145 

hepatic,  141 

interlobular,  portal,  141 

of  kidney,  215 
intralobular,  141 
of  large  intestine,  130 
of  larynx,  170 
of  lips  and  cheeks,  6 
of  lungs,  197 
of  mammary  gland, 
of  oesophagus,  61 
of  ovary,  278 
of  palate,  16 
of  pancreas,  151 
of  parotid  gland,  22 
of  penis,  257,  260 
portal,  141 
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of  prostate,  271 

of  rectum,  130 

of  scrotum  and  spermatic  cord.  -41 

of  seminal  vesicles  (vesicul®  seminales) 

252 

of  small  intestine,  108 

of  spleen,  318 

of  stomach,  96 

of  sublingual  gland.  2  1 

sublobular  hepatic,  141 

of  submandibular  gland,  2.5 

of  suprarenal  glands,  330 

(,f  testis  and  its  ducts.  252 

of  thymus,  326 

of  thyn.id.  322 
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'    pudl  n.lal  cleft  of,  302 
variel  •  -  of,  303 

tibular  l>ull>s  of,  302 
vi  -nl. ul.  of,  302 
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"ii  structure  of  ovarj  .  _' T .". 
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on  sphincter  vesicas  muscle,  265 
i  i.i.  W.  Thomson)  on  capacity  of  pelvis 
and  calyces  of  ureter,  2 17 
"inn-  coccj  gi  urn.  :;:;:; 
"ii  prostatic  pl<  eus  oi  veins,  270 
ureteric  orifices,  229 
W  atney  on  Brunner's  glands,  107 

on  mi  appendix  testis.  242 
^  |  bi  r  ..ii  coUiculus  seminalis,  266 
Weinberg  on  arrangement   of  coils  of  icjuiio- 

ileum,  In.' 
Welsh  en  parathyroid  glands,  323 

duct,  i':!,  24 
Williams  on  supernumerary  mammary  gland, 

•  ill 

Windpipe,  152,  172.  17;. 
Window,  foramen  of,  336,  337,  345 

>l  of,  I  I'.i 
U  isdom  teeth,  25,  33.  34,  37,  45 
Wolffian  body,  204,  239,  249,  280.  282 

duct,  220.  234.  23.",.  271.  280,  294,  298 
Womb,  283.     s,,   uterus 
Wrighl  and  Benians  on  trigonum  vesicae,  229, 

Wrighl   and    Brown   on  appendix  epididymis, 

Wrisbei  lges  of,  153,  155.  157 

Wylie  or  entriculares  of  larynx,  Ki7 

""  i  I   m  immary  gland,  310 

I   examin  i  I  the  stomach,  82 

of  the  omenl  um,  367 

di  utal  index  of,  26 

I  erp  adicular  muscle  of,  12 
"  transverse  muscular  fibres  of  tongue,  12 
Zawarykin  on  lymphatics  ,,j  kidney,  liiu 
von  Zeiss!  on  pelvic  splanchnics,  234 
Zones,  abdominal,  7."; 

cortical,  of  tesl  is,  21 1 

,,";'1  pari  of  suprarenal  gland.  329 

... 

hypogastric,  75,  7s.  102 

il,  79,  80 
umbilical,  75,  78,  80,  102 
Zuckerkandl  on  aortic  glands,  332 
"ii  dental  cu  ps,  33 
dental  lamina.  15 

ulmonarj  arteries,  200 
pulmonai  i    ,  199 
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